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obtainod from Professor llilFs excellent collection of young stjiges 
of marsupials. 

Cavities in the mesoderm of tlio anterior (pi*eotic) region of tlie 
bead, bounded by more or less definite epithelial walls, have been 
described in many vertebrates, and they are now considei*ed by 
the majority of observers to represent somites comparable with 
those of the trunk. They were fii*st observed in Selachians 
by Jialfour (’78), later by INlilnes Marshall (*81), van Wijhe ('83), 
liohrn (’90) (’04), and since then by many other investigators 
in dilferent fishes. 

Tn Amphibians, cavities have been seen by Scott and Osborne 
(79) in the newt ami in the Gyinnophionan Hypogp.ophls by 
Maivus (’09). Tliey appear to be absent in Isectimis (Julia 
Platt, ’94); in the fi*og (Corning, ’99) and in the toad (Edge- 
worth, '99) the anterior somites in the head are a])parontly 
solid, although Goette ('75), in his classical work on the develop¬ 
ment of the toad, appeal’s to refer to tliem as cavities. 

Van Wijhe (’86) was the first to jxiint out the occui’ronce of 
head-cavities in birds and reptiles. In birds, Kex has more 
recently studied them in the duck (’97) and in the gull (’01) 
(’05), Edgeworth (’07) in the fowl, and Professor Hill has direided 
iny attention to the occurrence of large premandibular cavities 
in sections of early emu chicks in his collection. 

The conditions in reptiles conceim ns more closely and may be 
considered in greater detail. In this class three somites have 
been observed in the preotic region of the liead, of which the 
first or prenmndibular develops into a largo and conspicuous 
cavity surrounded by epithelial walls, the c^ivities of either side 
at some time of their development being usually coiinectetl across 
the middle line by a transvei’se canal as in fishes. The second 
and third somites are small and more <Ufticult to determine, and 
observers differ considerably in their accounts of tbeni. Van 
Wijhe ('86) did not discover a second somite in Lacerta and lu* 
describes the third somite as solid; Hoffmann (’90), on tlie ot her 
hand, finds three hollow somites behind the preinandibular, hut 
whether the hist two both belong to the third heail somite oi* 
whether they correspond to somites three and four of fishes, he 
was unable definitely to deciile. Again in Lacfiria, Corning (’99) 
recognises the third somite but no similar secoml somite, the 
m. obliqims superior, which usually develops from the hitter, here 
being described as arising from tbe dorsal part of the primonlium 
of the trigeminal musculature which grows out over the eye. In 
Anguia fragilia^ both the second and tliird somites were seen by 
Oppel (*90), each of which contained a small central cavity, but the 
second was much less distinct than the third. In the Chelonia 
the same somites ai‘e present, but whereas in /fJmya IfUaria, 
according to Filatoff (’07), the third is solid, in Chdydra serpen- 
tma, described by Johnson (’13), Ixitli second and tliinl j possess 
a distinct cavity round which the cells are ari-anged in a radial 
manner. 



OF THE EYE MUSCLES IN MARSUPIALS. 


;u)i 

The occurrence of lar^e anU-rior lioad-cavities followed l\y 
oorrespoiidin/^ structures hehind them, has led to much discnssioii 
on the metmaerism of the veil.ehriite head. As one advances 
in the scale of vertebrates, however, the sogmentation in the 
luesoderm of tiie |)r<u>tic re^imi of the head becomes more and 
more ohscui-e, until in the Mammalia only traces remain of a 
former metameric c-mditiori. K<i <lefinite hcad-cavities ha.vo 
ever been ol»serve<l in mammals, although pro))al)J (3 remnants of 
these have been found in man by Zimmermann (’98). In tho 
ral»l>it, althougli the first head Siuiiiti.* arises much as in reptiles 
from tlie fore*eml of the alimentary canal as a, solid outgrowth 
((^)rni^g ’99), or as a hollow one s^muj hecoiriiiig solhl (Edgev\oi-th 
'll). it never ac<]uires a CJivitv as in lower vertehi'ates hut in 
later stages forms a small soli«l mass of cells behind the opt ic 
cuj) (ui each side, dilKcult to distinguish from the surrounding 
tissue, lleuter ('97), vvho has stmlied tlie pig. sees tlu*re no signs 
of pi-imiti\e segments in the head and considers tlie eye muscles 
as a completely iiidepentleiit formation arising from an accumu¬ 
lation of mesenchyme cells ; Ids ohserxations, however, begin at 
a late stag(‘ and no early embryos are ilescribed. 

Jt was first note<l by Miines Marsball (*81) in Elasmohranchs 
and is now w(*ll established, that the walls of the premaiidihular 
cavity give viM* to four musclesof the eye, th(‘ mm, recti supeiior, 
inferior and iuterniis and the m. oblhjuus iiifei*ior, all innei-vated 
bv the exudomotor nerve; that the second head somite contributes 
the in. ohlujuus superior su[>plied l»y the trocldear nerve, while 
the third furnishes the m. rectus externus and, in reptiles and 
mammals, the m. retractor bulbi, both these muscles )>eing supplieil 
by the ahducens nerve. ‘ We have an exception to the iisnal 
conditions in Petrounpon, where the innervation of the muscles 
is peculiar. AccoiNling to Fiuhringer (’75, p 70), ‘‘ Die Inner¬ 
vation der Augenmuskelii anlangend hestelit hei deii IVtromy- 
/.onteii die Eigenthuinlichkeit, das.s, wahreiul der Ocnlomotorins 
der Fische siimmtliche Augenmuskeln init Aussehluss des Jlect. 
ext, nnd Ohlicp sup. versorgt, hier der Ihxit. inf. nicht \om Ocnlo- 
motoriiis, sondern vom Alnlucens innei virt word, so dass also iler 
Ahducens 2 AugenumskHln versorgt. Dieses Verhalten ist 
vielleicht dahiii zu doufen, dass d«*r Hert. int. ilen voreinigteii 
Ue3t. int. uiid Rect. inf. entspricht und dass in ghdehem Masse, 
wie diese heideu Muskeln sich spiiterhiii in 2 gesomlert, der 
Uect. inf. mit dem llect. oxfc. verschmolzen, eiiien einzigoii (lurch 
den Abdiiceiis iniKU’vii teu Musktd vorstellend,” 

’riie conditions in Amphibia also do not seem to coincitle with 
those in other groups ami the views of dillereiil autliors are very 
conflmting. Marcus (’10) has studi«*d the (lymnojihiona in some 
d(*tail, and aci'ording to his account of the nmndihular 

somite, at first coiiiieet-ed by a. transverse bridge with its hdlow 
of the opposite side, develops into a large cavity surrounded })y a 
single layer of epitlielial cells lying postero-dorsally to the eye, 
and from whicli a cell-strand grows down into the mandibular 
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arch (see his fig. V, p. 139, Marcus, ^09). The j)reman(lihnlar 
cavity, whicsh is small aiul has also in early stages a connecting 
infHlian portion, partly degenerates, but a small part moves up to 
the mandibular cavity and completely unites with the rostnd side 
of the latter. All the eye muscles, exce])t the m. rectus extern us 
derived fiom the third somite, take their origin from the 
mandibular cavity wdiich is innervated by the oculomotor and 
perhaps also b}" tlie trochlear nerve. Marcus ('10) further states 
(p. 409):—“Daher glaube icb, das, w^enn auch Pramandibiilar- 
zelleu sich mit der Mandibularinasse vereinigt habeii, nicht 
deswegen der Ociiloinotoriiis die Mandibularhdhle irinervirt, 
sondern dass er ganz pi-imar dei* zugehdrige Nerv ist. Dit's 
ergiebt sich, ausser durch die naive lletiaclitung, auch dnich 
folgende Uel erlegung. Aus dem rostralsten Teil der Msindihu- 
larhdhle entwickelc sich der Muse, obliquus superior, also ein voin 
Trochlearis innervierter Muskel. Die Zellmasse, woraiis er si<*li 
entwickelt, glaube ich aus der Priimandibuhirmasse ableiten zu 
kuniien. Exackt bovveisen kaun ich diese Behauptung freilich 
nicht, weil bei der Muskelbilduiig die Mandihularhohle s<*hon 
mesenchymat<)s war, also die Muskelbilduiig nicht so scharf uie 
bei Belacbiern verfolgt w^erden kann ; alier a ns tier Topogva])hic 
der Gebilde orgibt es sich, das zur Bildnng des Muse. obliijuus 
superior wu‘e bei Selachiern so auch bei Ifypogeophis diesi*r 
Abschnitt der Mandibularluihle verwendet wird.'' 

Although many authors have given accounts of the origin of 
these preotic somites and of the first devehipment of the eye 
muscles from their walls, few* have tinccd in <h»tail the fiirtliev 
growth of these muscles until their adult position is reached. 
In rejitiles and mammals this latter growth is more ditliciilt. t(» 
follow owing to the dcwelopment of the m. retractor bulbi. 'FIh^ 
most complete account in reptiles is that of (Itelydra serpanlitta 
by (i. E. Johnson (’13), and the only description in mammals is 
that of Reuter’s paper (’97) on the pig, aliove mentioned. The 
follow'ing observations on the marsupial Trichosunis rxdjH'Cida 
will thei-efore be of some interest. 

Mateiual. 

Tlie material examined comprises twelve stages of Tnrhosvriie 
vulpectda, eight embryos and four poucli young of PhnscoUtretos 
cineretts, five embryos of Phascolmnya mitchelli^ mi embryo and a 
ftetus of Ma^ojnis, five embiyos and one pouch young of 
Peramelfs, one embryo of Didelphya and a good series of 
Dftaynrus. 

Two wax-plate models of the optic cup and primordiaof the eye 
muscles were made and are repi^oduced on Plates 1. 11. 1 jua 

much indebted to Miss E. A. Bteele for her excellent coloured 
drawings of these models. The terminology of the arteries and 
veins in the head has been adopted from (Jrosser’s account of the 
development of the vascular system in the Cliiroptera (’01) and 
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also from tlic descTiption of tlie iltivelopnieiit of the veins of the 
head in reptiJes hy (Grosser and Hi*e/diia (’95). 

Tjie Eye Muscles op the Adult. 

Adult specimens of IVichofiurus and Dftsi/iirns were examined, 
and the usual eyo inusfles, incliuliii^ a wi-JI-developed m. retractor 
hulhi, were found to he jiresent. Jn 11)02, Uorriin^^ ( 02) 
described in some detail tlie eye miisclt*s of the cat, and his 
account is jT(*iioralJy applicalile to tJie i-ecti arul ohlicpm nmsclcs 
of the marsupial. The oidy noteworthy difrereiice is in re;?ard to 
tlie form of the m. rectus exlernus which in marsu]>ials has a 
double origin, the two portions uniting to liave a common 
insiution on the eyeball. 

The m. n‘tractor bulbi shows considerable variation in diirerent 
mammals. When present, it always arises further caudally than 
tlie m. rectus exteriius but enters the orbit together \\ itli the 
mm. recti aiul the in. obli<|UUS su}K*!*ior, and its insertion in the 
bulbus lies nejirer the optic nei*\e than the titlier muscles. 
Accor«ling to Motais ( 87), vbo has .stinli(‘d tins muscle in many 
mammals, the m. retractor huibi attains its maximum de\tdop- 
nu*nt. in ruminants; lie also observed its rel.‘iti\ely large si/e in 
tb(‘ opossum. lit* further states, p. ob: ** Le muscle cboanoidt* 
]»t?ut tifirir un ou plusit»urs inteislices ct‘lhdt‘ux tjui lo tlivisont en 
<h‘ux oti ]»lusieurs pai'tie.s. Ces interstices sent larges dans les 
<*arnivoreset sepai’ent le muscle en<|uair(‘ faisceaux bion distincts. 
()rdiiiaireiiu*nt, les ligin*s <b* separation sotit moinsnettes; dans 
les .solipedes et los ruminants, les herds des dt‘nx divisions du 
muscle sViivoi«‘iit rc(‘ipro»|uem<*nt des fascicules .... l).ins le 
pore, on ne trouve iju’un seul inter>tii*(* assez large au milieu du 
muscle droit infcri(*ur.” Similar (*<>nditions to those in tlu^ [dg 
are found in rodents; the s.ame author, in Ids description of the 
rabbit, p. 2d0, says ; 11 | le muscle cboanoide) fi>rme un cdiie 

regulioi* <|ui nVst interroinpu (|ue ])ai' un m‘uI inlerstii'e cellul(*ux 
situe au-<lessous <lu mus«*le droit superieur. C’et iiiter.-'t.ice se 
jirolonge jus(piVi Vinsertion bulb:dre du nerf oi>ti«|ueet le long du 
nerf lui-immie, jusiju'au iron optiipie.’’ Jn 1 lie eetaceaii^( Weber, 
’86) the same variations occur; hero mjain, the muscle max be 
])resent a-s an almost compb*te circular slicet .siirroundiifg the 
optic nerv(* tir it may be dixideil into four parts, each more or less 
united by conn<*ctive tissue. 

In Trichosiints ami Dasifvms, ns in other mammals, the 
m. retracttir hulhi has a more deeply seated origin than tJie ot her 
muscles. It arises from tlie basisp*lu*uoid mid passes forwards to 
enter the orbit between the two portions (»f them, rectus ext erims. 
Surroinuling the optic nerve, it extemls outwards as a inusoular 
sheet which gradually increases in circumference uj) to its iihsertion 
round the inner side of the eyeball within the i*ecti muscles. 
Although appearing tus a completely closed cone, the two edges of 
the* sheet are not fused along the anterior side of the nerve just 
behind the m. rectus internus. 
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Description op Material, 

Trkhoaurus mdpecula. Embryo of G.L. 5 mm. ( = Stage I. 
b k <?)*. (Text-figs. 1, 2.) 

This stage is represented by three embiyos, a (8 ’97), & (1 A, '01), 
and c (I. '01), of which (a) and (c) are cut horizonUlly and 
(/>) longitudinally. 

The cavity of the optic vesicle is flattened by the thickening 
and partial invagination of its lateral wall, and it is (H)nnec*tcd 
with the brain by a hollow stalk. The ectoderm op|)osite the 
vesicle is tliickened. 

Text-figure 1, 



Ttichofiwrms vulpecuhi^ O.b. 5jniii, (i *07). 

llcriKOiiial section throiiteb the head (S 3-4-6), somewhat oldique, passinj? throu^rh 
the l»ve^uuldibuIar liea<l*cuvit}' of the left side. X 75 and reduced hy 

a,c.a.^artena ccrohd anterior. JP’J^.ssfore-hraiii. O'.trigeminal ganglion. 
/.A.e.»left head’Oavity. ».»portioii of cu\ity constricted off from the rcft. 
»optic vesicle, c.c.m.» vena capitis meiialis. 

There are two lai^e and conspicuous head-cavities, one on each 
side immediately posterior to and on the medial side of the optic 
vesicle, situated venti’Orlatemlly to the fore-bmin; between the 
cavity, and the brain runs the anterior cerebral artery. The 
cavity is lined by a single layer of epithelial cells which is more 
attenuated on the side fai*thest from tlie brain, where it cannot 
everywhere be distinguished in the sections. The shape of the 
cavity varies slightly in the three embryos, being obliquely 

• Vide Fnwer aad Hill; ‘*Tho Development of the Thy muss, Th>i'oid aud 
Epithelial llodies iu Trichosur^s mlpeculat* X’hiJ^ Traii»., Roy. Hoc. 1915. 
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rcctfingular in cross-spftion in (a) (text-fig. 1, /.A.rj.),where on tlie 
left side it measure's -26 mm. in a dorso-ventral direction,’31 mm. 
autero-posteriorly ami -32 mm. tnmsversely ; but it is more oval 
in (/i), and tapers somewhat towards the eye (text-fig. 2, rJi,c,), On 
both sides in (a) a small medial portion is marked ofi‘ from the 
main l:>ody of the cavity by a constriction, the iip})er part of which 
can just he seen in text fig. 1, n. No such condition is present in 
(h) or (c), although on the left side of the former there is an 
inconi])]ete partition across the middle of the cavity; the division 
in this case, however, may not have the same significance. 

Text-figure 2. 



Trichmit^is vvlpeeulay Ci.L. 5 mni. (lA. ’01). 

Loii);itu(liMtil sii'tioii (S‘2~l l;l) pussiiiff throujjrh tlu‘ piviimiubbular luwl-CHvity 
of the riulit Mde. X 75 tiod leduml by J. 

J*’iL»fore-brniii. Jf/L«=liind-braiii. JI/iJ.=i«iil-biuin. optic vesicle. 

r./i.r.=arisbt head-cuvity. o.r.fH.=vemi capitis luedialis. 

In embryo (c), lying ublicpiely along the jKistero-lateral wall of 
the cavity, on the inner side of the vena capitis medialis, is a 
slightly more condenseti portion of the mesenchyme, representing 
the third or hyoidean somite and constituting the primordium of 
the abducens muscle-mass. It runs forwards and laterally just 
below the origin of the vena cerebi’alis anterior into another mass 
of loasely connected cells, which extemls downwards round the 
lateral side of the vena capitis mcdialis to become united below 
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witli tho Tnaxillo-maTidibular Hiesencliyme. On its anterior side 
this ^jrouj) of looser eells, to which in folloM»ing stages I have given 
the name of the interniediato mass and which r(‘}»resentstlie second 
or inandihulnr somite, projects slightly forwards anterior to the 
cavity ; this projection, as we shall see later, is the first indication 
of the primordiuni of the m. ohiiquiis superior. Ilie int.ermecliate 
mass is, at the same time, connected with the posterolateral 
wall of the cavity for throe or four sections. Th(» limits of 
the complex formed by the intc*rmediate and ahducens masses 
are <lifiicult to determine accurately, ns they aie not easily 
distinguished from the surrounding mesench\me and in emhiyo 
(^/) are still more indefinite. In tlie longitudinal s<‘ries, a distinct 
hut small elongatcnl collection of cells strehdies along the posterior 
border of the cavity, apparently T‘e])resenting the ahdueens mass, 
hilt no connection ^\ith any iuaxillo>niaiidihular mcsencli} me is 
recognisable. 



ne*. 


Tric/iogurus vulpeeula, O.L. 4*6 nan. (/3 *08). 

Tmiisvcrfie scjction (S3“6-13) iHissingr tlirough tin* pretiminlibulHr on 

t«ch Kuh*. The Kt*ctions bihs rather oblique, the cavity of the loft si<le Iwihj; cut 
la^nrer it» ventral end. 'J’he anterior portion of the abducent inuscle-iiiHhii lies 
posterior to the cavity. X 110 and rodueed by 

a*c.a.»avtpnii cerebri anterior. lf’//.«!fore-braiii. ?.A.c.*sleft bead><*nvity. op.e.o# 
optic venicle. r.e.«anterior portion of abdureiis mttse1e<uiiiMs. r.A.e.^ right 
head-cavity. v.e.m.~veua capitU inediaha. «.o.t.»vena orbital ih inleriur. 

The Gasserian ganglion is large and the mandibular branch of 
the trigeminal nerve is already well develoj^ed. The oculomotor 
nerve runs from the mid-bra in anteriorly for a short distance but 
does not reach the head-cavity. 
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Anotber embryo {fi ’98) measurinj^ 4*5 mm. ( = Stage II a) at 
its gimtest length, may V>e mentioned liere. It is cut trans¬ 
versely ainl almost at right angles to the last and is slightly 
older, the opticVesiclo being still furihei* iiivaginated. 

The liead-cavitios are narrow from shle to side and have the 
form in the sections of an elongated triangle, the long pointed 
end of which runs ventrall}^ and medially (text-hg. 3, r.h.c.). 
They are lined hy a single layer of epithelial cells wliich can be 
distinguished all round the cavity but which, oii the side next 
the o]>tic vesicle and extending round this side laterally fora 
slioi't distance, is c'onsiderably attenuated. The exact limits of the 
abducens muscle complex are again very iiidelinite (text-fig. 3, r.e,), 

Eminyo of fl.L. 7 mm. (a *97) (=Stage IJF.). 

(Text figs. 4 G.) 

The cavity of tlie optic vesicle is very narrow, tlie outer or 
retinal lay<‘r beitig innclj thickemed and well invaginat(?d ami the 
adjaeent ectodeiin now forms a rounded solid inbiilging, the 
iirimordium of the lens. 


Text figure 4. 



Triclmsurus vuljtecula, (i.L. 7 niin. 


Ilori/oiitid sci:tH>n tliruu^h tin* hwnl (S3 2-li), pa**sin;; atovo the oi»tif \ 0 '*u‘h‘ ami 
thnm^^h approximatvly tlx* umidh* ot thr ity of tlie lett sah* {l.h.c.)^ to 

»how the proliferation from pu^lero-medml wall of the cavity (/»./«)• | ho 

ventral end of the inletniodtate iinwa *»eeii pi>«»turo-laterally to the Ctt\ity. 
X 110 and mlncwi by 

a.c.a.»ttrtcritt cerebri anterior. jP’il.—fore-brain, tnf .m. ==inlcnnediato mass. 

V.O.U orbitalih inferior. 

The premandibular head-ctivity has only increased slightly in 
size but changes are to V>6 seen in its walls. About half-way 
down the cavity on the postero-m«?dial side, the wall has thickeneil 
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and is now composed of several layers of cells (text-fig. 4, p.m.); 
immediately ventral to this and on the postero-lateral sule occurs 
a much more extensive proliferation, which extends down as far 
as the end of the cavity but does not involve the extreme ventral 
wall (text-fig. 6, p,L), At its lower end, however, a i)ai*t of this 
thickening stretches out laterally behind the bulbus and forms 
the first indication of the m. obliquus inferior (text-fig. 5, o.w/.). 
On the left side, the two prolifemtions appear to be sej.>amte 
from each other, but on the right the more dorsal one extends 
round at its lower end to join the larger ventral. Except where 
prolifet*ation is proceeding the wall of the cavity is very thin; 
on the side next the brain it consists of a single but {lerfectly 
definite epithelial layer, but on the side next the optic cup it is 
much less definite (text-figs. 4 & 5). 


Text-figure 5. 



Triehoiurus vutpeeula, G.L. 7 mm. (a ’97). 


HoriKontal Rcction throujirh the hoad (S 3-3-0), passing throui^h the dorsal portion 
of tlie optic veaicle { op , v .) and the ventral portion of the head-cavitiis { l . h . e . Jk 
r , h , c .), to show the proliferation from the postoro-latoral wall { lul .). The 
priiiionlium of m. obliquus inferior {oArf.) is seen on the left side. X 75 and 
reduced by i. 

a.e.a.»arteria cerebri anterior. J’B.aofore-brain. hypophysis. 

ph, »pharynx. v.oA »» vena orbitalis iiifei'ior. 

The primordium of the abducens muscle-mass consists of a 
postei'o-dorsal poi*tion which lies alpng the medial side of the 
vena capitis medialis (text-fig. 0, rJb.) and which, at its anterior 
end, runs ventrally outwards to join with the larger anterior 
portion of the mass (text-fig. 6, The latter, whose dorsal 

side surrounds the root of the vena cerebralis anterior, lies 
anterior to the vena capitis medialis and extends half-way down 
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the befid-cavity close to the posten)-lateral wall of the lattc^r, its 
lateral end running into the intermediate mass, tlie limits of the 
two being indistinguishable (text-fig. 0, and also the 

ventral end in text-Hg. 4, int.m,). The interuiefliate mass itself, 
which is composed of more loosely connected cells, p asses on the 
one hand, forwards into a mass of condensed inehenchyine lying 
alK>vo the optic vesicle on the outer side of the ophthalmic nerve, 
tliis portion representing the primordium of the in. oblifjuuK 
superior (toxt-lig. 6,u.«.) ; and on the other hand, backwiirds and 

Text-figure 6. 



Trichusunis vulpecula, G.L. 7 miii. (a '07). 

Hori/mitul sect ion (somewbnt duisrammatir) throu^li the IwHil (8 3-1-11), showinjr 
tlu' ]»Oiiterior (r.ft.) aiul anterior (r.#.) portions of the aUliu:en!i muxcle-inass of 
tho lett side, which extend ni front ol the vena wtpitis iiu*dialis (e.c.w.). just 
ventral to the vena wrebralis anterior (r.c.o.), to unite with tho intennediate 
luuMs {tnt.in.). The primordium of the m. obliquus supj'rior (o.«.) is seen as a 
forwanl outj^rowth from the intermediate uiuks. Ovviiif; to the obliquity of 
the seetioiis, the rijeht side is cut at a more doixnl le\el than the left and only 
shows the |M»sterior portion (r.ft.) of the abducens raa«is lyintr medial to the 
Vena <‘apitis medial is (e.c.»».) and the vena cerebraiiti anterior (e.c.a.). X 76 and 
rtMluml by J. 

< 1 . 0 . 0 .scartoria cerebri anterior. L/<.c.=lcft head-cavity. »/.=notochord. 

downwards lateral to the vena capitis medialis and is loosely 
connected with tho maxiIlo-mandibular inuscle-msuss, the con¬ 
nection here not being well seen. The union of the intermediate 
mass with the postero-lateiul wall of the cavity is most puibably 
again present. 

The oculomotor nerve is now thicker and its distal end 
terminates dorso-laterally to tlie head-cavity. 
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From the Gasserian ganglion arise a well-developed mandibular 
nerve, a small maxillary branch and an ophthalmic nerve. 

The abdiicens is here seen for the firat time. It leaves the 
mid-brain by many fine fibres which unite and run forwards 
parallel to the side of the brain for a short distance. 

Another example of this stage, which measures 7*5 mm. 
(XIX. *04) (ssStflge IV.), presents almost the same features. 
Although the sections are cut in the same direction, that is 
horizontally through the head, the head-cavity in section is more 
triangular and less elongated so that its area is larger than in 
the 7 mm. embryo al)Ove described. The postero-inedial and 
postero-lateral proliferations form one thickening and the vena 
cerebralis anterior appears to be only slightly surrounded by the 
anterior portion of the abduoens muscle-mass. 

The conditions in this embryo, liowever, arc difiicult to make 
out accurately. 


Embryo of G.L. 6 mm. (II. *01) (=Sta.ge V.). 
(Text-figs. 7 iV 8.) 

The cavity of the optic vesicle is still further reduced and the 
lens is almost sepamted off from the ectoileim which is closing 
over it. 

Text-figure 7. 



Trichoaurus vuljf^eula. G.L, 6 mm. (II. '01), 

Horizontal Hcction through the head (S 2-4-2), passhig just above the middle of the 
h€«d-cavifcy of the right aide (r.Ae.J, and showing the proliferating l»ud on the 
doi^ateral wall (d.I.) «nd the thickening on tho po8t€iro.ttMHlial wall 
Ihe anterior portion of the aMuceus inuBcle-maiiB {r,e.) \m posterior te the 
h^d-cavity and in front of the vena rapitis medialis (c.c.w!). x 110 and 


«.(T.a.««ttrteria cerebri anterior. JPH.«fore.brain. hypophysis. 
(^.o,*>optic vesicle. 
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The premaudilmlar head-cavity is largo and conspicuous on 
each side; altliough at its widest it is only slightly smaller than 
that of the 7 mm. embryo, the ventral portion is reduced, 
perhaps owing to further prolifenition of the walls. 

The proliferation of the postero-me<lial wall is more extensive; 
it begins more tlorsally and, as the cavity narrows ventrally, it 
extends round on to the postero-lateral wall, the two thickenings 
forming one mass (text-fig. 8, The thickened area 

is continued on to the extreme ventral wall from which a solid 
mesmlermal mass, tlie m. oblitpius inferior, hangs down below 
the ttivity posterior to the oj)tic cup and ta}>ers at its lower 
end. 

Text-figure 8. 



Trirhosttrus vulpecuhi, IJ.L. 0 mm. (H. ’01). 


Hori/oiitrtl thiHnarh tlu* lu'tiJ (Si t S). jmssina: tlirouirh the clorsnl rojrioii 

of tho optic \e''irl(‘(fip.r.) ami (he \entral portjou of tlie left Imad-cavity (/./i.e.), 
to mIiow tli4‘ now iinittNl postero>nie({ial ami pos»tero lateral proliferatioiiN from 
the wall (pui.+pf.). X 110 and mluced by b 

a.c*.<i. ““^arteria cerebri antevior. F7f — fore-braiii. Up .«hypophysis. 
v.o.t.s3:\cuu orbitalis inferior. 


At this singe for the first time, on the dorso lateral region of 
the cavity on both sides, the wall shows a distinct, though not 
very extensive thickening which originates as a bud growing out 
of the cavity (tt^xt-fig, 7, dJ,). This bud is the priinordinm of 
the m. rectus suj^rior. 

The cavity is lined by a .single layer of cells except where the 
wall is pitiUfemting. 

The abducens muscle complex has increased considenibly in 
size and is more distinct than in our earlier stages. The mwvh 
larger anterior portion, still connected on its lateral side with 
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the intermediate mass, lies very close behiud the head-onvity niid 
in front of the Gasserian ganglion, being separated fn>iu the 
latter by the vena orbitalis inferior (text-tig. 7, r.c.); it extends 
down along the upper two-thirds of the cavity to the region 
where the postero-lateral proliferation begins. The smaller 
postero-dorsal portion runs back as before on the medial side of 
the vena capitis medialis. 

The primordiiim of m. obliquus superior has now grown fni*ther 
forwai*ds from the intermediate mass and reachis anteriorly 
lieyond the distal end of the ophthalmic branch of Die trigeminal 
nerve, on the outer side of which it lies. The connection of the 
intermetiiate mass with the maxillo-mandibnla.]* mesenchyme is 
most probably piesent but could not definitely be made out in 
this embryo; the mass is again joined with the doi-so-lateral 
corner of the cavity for about three sections. 

The oculomotor nerve is stronger and, running down ventrally 
on the medial side of the vena capitis medialis, now reaches tlie 
liead-cavity and appears as a small nerve between the wall of the 
latter and the anterior portion of the abducens n»nsclc-mass ; its 
distal end soon disappears and can only be followed for a short 
distance alongside the cavity. 

The abducens nerve is now well dovelope<l and runs forwards 
on the inner side of the Gasserian ganglion, but it is not very 
much longer than at the last stage. 

Embjyo of G.L. 7’75 mm. (XX. ^04) («Stage VJ.). 

As regards the development of the eye and the miiscdc-niaKses 
this stage is very similar to the last, and only a few observations 
need l)e made upon it. 

The optic vesicle is not so flattened as at 6 mm, and the lens 
is still joined with the ectoderm. 

The premandibular"head-cavity is smaller and pear-shaped, its 
wider side lying next the eye, and the posterior prolifeiutions 
are more extensive though the thickening on the vcntra] widl 
does not appear to be so marked. No dorso-lateral proliferation 
was recognised. 

The abducens nerve now runs into the pointed j>ostei ior end 
of the dorsal portion of the abducens muscle-mass. 

Embiyo of G.L. 7"25 mm. (==Stages Yll. (k Ylll.a & h), 
(Text-figs. 9-13.) 

In this next stage there are three embryos, a (Ill.’01), 
h (XII A. ’02) and c (XII, ’02), each measunng 7‘2fi mm. at its 
greatest length. Although in many partirnWs (a) is the youngest 
of the three and (c) is slightly older than (6), in reqiect of the 
eye-muscle primordia very little difference exists between tliem. 

The invagination of the optic vesicle has advanced still further, 
the cavity l^ing reduced to a narrow slit, but the optic stalk still 
contains a wide lumen. The lens is closed off from the ectoderm 
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niid foriUH a hollow vt^sich* with thickened W'alls and a central 
cavity. 

Jn (a) the preinnndihnlar ]H‘ad-cavity has attained its inaxininin 
size and, at its widest, has roughly tlu* form in horizontal 
sec'tioii of a right angh‘d tiiangh* (text-tig. 1), l.h.c.) nieasnring 
•48 null. tinns\<»rsely x *.‘17 niin.ant<Mo posterioi lv x •2t‘{ niiri. doiso- 
\entrally. in {h) and (r) the cavity is sniallei than in (//), hut is 
still large*, the ditlerence heing due mainly to a reduction in t.ho 
antero-posteiior width, which here is only 12 nun. 



Trirhoivnis vufperHla, G.L, 7*25 mm. (III. * 01 ). 

lloriKontal thriiu^:li tho lu'ad (S4~4 1), pMssiii^ thruu|y:1i tlio dorsal rt^pioii 

ot* tliot)ptU' {op.v.) amt tlirnn^rh tiu* nmldlt* of tlu' left hoiifl-ouity {fJi.c ). 

The \eiitrHl portion of the prolif'eruting: hnd on tho Uorso-lateral null (d/.) and 
the thiekeiiintr on the po»>tero-itMHlial null ipm.) tiro ahonn, and aho tho 
anterior iM>rtioii (r.e.) of tho nlxtucens mus<*le.mu‘»s lyinj? jjostenor to tho 
oavity. ihHwi>en the latter and abihioenu inuM'lo-niass runs tlio oculoniotur 
nerve (III.), X 110 and reduced hy 1 . 

a.r.rT.»arteria cerebri anterior. fore-brain. //p.=hypophysis. < 7 . r.=<ias- 

serian ganglion, ji.e.r.»Niiho-ciliary branch of the trigeminal nerve. 
v.c.M.a(Veiia capitis inedialis. 

The thickening of the posterior wtill is still more marked than 
in the preceding stage and, joining with the prominent ventral 
proliferation which now forms a coiiKiiicuous outgrowth (text- 
tigs. 10, 12, & 13, extends out ventro-lateraliy to taper off 

behind and somewhat below the eye. This portion, already 
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indicstod in the 7 mm. and 6 mm. embiyos, develops into the 
future ra. obliquus inferior. 

. P^, mefiial side of tlie primordium of the m. obliquus 
inferior at the lower end of the cavity is n darker patcli of cells 
(text-fig. 10, rdnf,), the firist indication of the m. rectus inferior, 
which therefore apparently arises from the lateral side of the 
posteio-ventml wall just medial to the m. obliquus inferior. 

Text-figure 10. 


acB- 



Trichosiirus wfpec-ula. G.L. 7*2o min. (II I. "Ul). 

Ilorizoiital wction thnnigli tlio ln*iid (S 5-1 2), paHsiiig throngb the optir m])(op.r.) 
ubuve tilt* optit' htulk mid through the extrome vent nil end of the leit niiity 
[f.h.c.). tu Allow tile piMmordium of the in. ohliquuH inferior [o.nif.) mid, ]Uhl 
inediiil to the hitter, the region tVom which the m. reclun uiteiun (r.tw/.) takes 
its origin. X 110 uiid rcdiicetl by i. 

a.tf.a.—arteria cerebri anterior. JFH. ^fore-brain. /(j>.»bypuphysi8. 
v.c.m.—vena laipitib medialis. 

The muscle-lnid from the dorso-lateral wall, representing the 
primoi’dium of the m. rectus superior, is less conspicuouK than 
the other proliferations. It is present on lioth sides, projecting 
behind the dorsal part of the optic cup (text-fig. 9, dL); on the 
right side in (c) the bud is less distinct, probably owing to the 
further thickening of its posterior w^all anti to the commencing 
separation of the dorso-latei*al portion of the cavity fiom the 
rest. 

A distinct epithelial layer can only be distinguished on the 
side next the fore>bmin. 

The abducens muscle mass still consists of two portions. The 
dorsal portion (text-fig. 11, r.6.) stretches still further back 
on the medial side of the vena capitis medialis as a narrow 
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prolongation into which runs nerve VI and becomes continuous 
with the anterior part. I'lie latter turns round almost at right 
angles and runs out laterally iTninediMt(?]y behind the postero¬ 
lateral wall of the head-cavity (fext-ligs. i) ife 12, rx,). It tapers 
ventrally, its lower outer.oinl lying close against the inner 
portion of the in. oldicpius inferior, the two being connected 
through two or three sections. 


Text-figure 11. 



Trivho$uru8 vuipccula. G.L. 7*25 lain, (XII a. '02). 


Longitudinal (SO- 3 - 0 ), paKsiug tlirougli the medial side of the right head- 

cavity (r4.c.) to »hnw the proliferation IVoiii the posterior wall {jfm.-hpl,) 
and the poatcru-doreal iKirtiua (r.4.) of the abducens uiubcle-uiass. X 110 and 
redact by 

a.r.a.««art«riH cerebri anterior, Fli.s^fore.brani. <i.e.i.=arteria carotis intcnia. 

HJi, ~ hind-brain. 111. == oculomotor nerve. 

The trigeminal nerve has now both a supra-orbital and a 
naso-eiliary branch, running forwards above the bulhus, the 
naso-ciliary lying on the outer side of the dorsal end of the 
cavity (text-figs. 9 & 13, M.c.r.). 

The primordium of the ra, obliquus superior is best seen in the 
longitudinal series (text-fig, 13, o.s.). It begins as a collection 
of cells above and anterior to the optic cup and, extending along 
the ventral and veutro-lateral sules of the supm-orbital nerve, 
Piioc. ZooL. Soc,-^- 1915 , No. XXIII. 23 
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it passes backwards and downwards as a solid band of mesen¬ 
chyme through which runs the naso-ciliary branch of the tri¬ 
geminal just where this branch joins the ophthalmic. This band 
continues ventrally, anterior to the Gasserian ganglion, to join 
the intermediate mass, the latter being connect^ posteriorly by 
a thin stream of cells round the antero-ventral side of the same 
ganglion with the maxillo-mandibular muscle-mass. No union 
witli the maxillo-mandibular mesenchyme can be traced in either 

Text-figure 12. 



TrichoMUTM G.L. 7*25 mm. (XIT a. '02). 


Lougitudiual section (S10-8-1), passin|^ about balf-way through the right head- 
cavity (r.A.r.), to show the primordmm of the m. obliquus inferior {o.inf.) and 
the anterior portion (r.s.) of the abdtusetis mosole-maNh lying behind the cavity 
and immediately iti front of the vena capitis inedialis and the vena 

cerebralis anterior (e.o.a.). The ocutomotor (Ill.) runs down l)etweeu the 
cavity and the abducent mats. X 110. 

a.c.a.«sarteria cerebri anterior. op.e.»optic cup. e.o.i.«s vena orbitalis 
inferior. 

of the transverse series, but the intermediate mass in all three 
embryos is still joined with the dorsal outer end of the anterior 
portion of the abdueens complex. In the transverse series (c) 
t^e intermediate mess appeaie to have lost its oonnectiou witli 
the m. obliquus superior end is apparently degenerating. 

The oottlomotor nerve, ^descending almost directly ventrally 



OP THE EYE MUSCLES IN MARSUPIALS. 


317 


from the mid-brain, runs close to the pastero-lateral wall of the 
cavity between the latter and the abducens mass (text-figs. 9 & 12, 
III.). At its distal end it breaks up into many fibres which 
extend into the postero-latenil proliferation near the point of 
origin of the in. obliijuus inferior. 


Text-figure 13. 



KO./. 


Trichosurus vulpeeula. (XTI a. ’02.) 

Longitiidiiml scHitiou (SI] -1 1), through tho lateral wall of the cavity and 

the prirnordinin of the in. ubliquui? interior ip.inf.). The priinordium of the 
m. obliqnutfi Kuporior (o.«.} extends forwardn from the intermediate uiusa 
(iufjn,) aa a aolid hand of cells dorttal to the optic cup (op e.), X 110. 

/^.T’'.»(f4isiwrian ganglion. iadij'.mi.«:ma\iI!o'maiidihular mesenchyme, n.c. 
oaso-ciliary branch of the trigeminal nerve. v.o.t.~vena orbitalis inferior. 


Embiyo of G.L. 8*5 mm. (’97 & IV.’01) (=Stage IX.a <fe 6). 

(Text-figs. 14-16.) 

This stage, which measures 8*5 mm. and of which we have 
two embryos, (a) and (6), is a good deal more advanced than the 
preceding one. 

The primary optic vesicle still shows a well-marked cavity in 
the region of attachment of the optic stalk which is still hollow, 
and pigment is beginning to form in its outer wall. The inner 
wall of the lens is thickened, its cavity being reduced to a nanow 

23 "^ 
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semicircle^ and the eyelid has begun to develop as a fold of the 
ectoderm on the ventral and posterior sides of the optic cup< 

The premandibular cavity is now represented by a mass of 
mesoderm in which are situated a few cleft-like spaces lying 
obliquely on each side of the fore-brain (text-fig. 16, Lhx.y On 
this side the ^sells have lost almost all traces of their former 
epithelial character and the spaces are bounded by a thin 
ilegeiiemting layer only a few cells thick; the remaining meso¬ 
dermal mass, except those parts which are giving rise to the 
eye muscles, is also breaking down. 


Text-figure 14. 



TrifihomnM imipemla, G.L. 8*6 nun. (’87). 


longitudinal leetion (S 7-1-8), allowing the ciliary ganglion {ciLffX the anterior 
poitioii (r.e.) of ilia abdacena niuaclo-rnass and the priiuordium or the tn. reuiuti 
auperior (r.a.). X 110. 

f.a.»artena cerebri anterior. ^.F.^Gaveerian ganglion, on.c.teoptic cup. 
v,c.ar.ttvi>na cerebralia anterior. o.c.m.»vena capitis ikiedialis. v.o.».oveua 
orbitalis inferior. 111.»oculomotor nerve. 

The dorso-lateral proliferation is now well marked and its 
cells are undergoing distinct differentiation to form the future 
m. rectos superior. It has moved dorsally and anteriorly ss 
compared with the. last stage, and now lies ine<lial to the dorsal 
region of the bulbus (text-figs. 14-16, r.#,) and is showing signs 
of oeocmiing independent. 
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Further ventrally the cavities have completely <lisappeare<l an<l 
from the now solid mass of cells the in. obli(]uus inferior runs 
outwards and downwards behind the eye (text-fi^. 15, oJnf.), 
Immediately meilial to the m. obliquus inferior tlje dillerentiation 
of cells destined to become the in. rectus inferior extends down¬ 
wards, its ventml end turning anterioi*ly, medial to tlie buJbus 
and l>elow the optic stalk. 

Text-lSgure 15. 



o- inf- 


Trtchogurus vulpccuki, G.L, 8'5 iiiin. (’07). 

Longitudinal sfrti<»n (S3 Knowing the m. ohliquus suporior (os.) with its 

immiw poMoritir prolongation and tin* in. ol»ln|iius inforiov (o.i»/‘.) cxltMuiuig 
Indowf the optic cup 'I'he distal tMid of the in. ivctus Miipcrinr (c.«.) and 

the liiteru) Mi<le of tlie anterior portion (l^^.) of the a))ducen!» mnaolc-niasK aie 
alao M.*eii. X 110. 

^.7''.»^Oa8M'riun ganglion, n.e. f'’.'-^na«o-ciliary branch of V. supra¬ 

orbital branch of V. m^. maxillary brancii of V. 

The primorilium of the in. obli(|uus superior is now established 
sn inde[)endeiit structure. Its main portion forms a con¬ 
densed mass of cells lying anterior ami dorstil to the eye, and 
from this a narrow pi-olongation projects posteriorly alxive the 
hulbus, the higher poinietl end of which comes very close to the 
m. rectus superior (text-fig. 15, o.s.). This backward prolongation 
is obviously the last remnant of the former connection viith the 
intermediate mass (compare Jolinson, ’13, p. 150). The hist 



320 


HISS X. A. FXASXR ON THE DEVELOPMENT 


vestiges of the latter can only be recognised in the longitudinal 
series in front of the Gasserian ganglion and just posterior to 
the ventral side of the anterior portion of the abducens muscle* 
mass, with which it is no longer connected; it passes back on 
the inner side of the root of the maxillary branch of the tri¬ 
geminal nerve to join with the maxillo-mandibular muscle-mass. 

The abducens muscle-mass has not changed in position, except 
that the posterior dorsal poHion does not seem to extend so far 
backwards, and that the ant/eiior portion has grown out still 
fmiiher laterally (text-figs. 14-16, r.e.). 


Text-figure 16. 



Trichoaurus vntpacula, G.L. 8’5 mm. (IV. ’01). 

HorizoYital section through the heed (S7-'l-4), shoviing the last vestip s of the left 
liead-cavity (Ui.r.) and the developing m. rectus sutMJrior The anterior 

portion (r.e.) of the ahducens muscle-mass lies in front of the vena capitis 
inedialia and the Gasserian ganglion and in it lies the ahducens 

nerve (VI.). The ventral edge of the m. ohlif/nus superior (o.s.) is just seen 
anterior to the optic cup (op.e.), X 110 and reiluced by j. 

au;.t.a>arteria cerebri interior. jFH.nfore-brain. n.c.I’'.*iiaso-ciIiar\ branch of 
the trigeminal nerve. jn.*»oculoiiiotor nei ve. 

Mulomotor nerve (text-figs. 14 A 16, III.) again divides 
at its distal end close to the jpoint of origin of both ni. obliqnus 
inferior and m. rectus inferi<M- into many fine fibres, some of which 
penetrate into the m. obliquns inferiw itself (see text-fig. 17, 
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The ciliary ganglion first apt)ears at this stage as a trans¬ 
versely elongated mass of cells, situated between the ventral end 
of the anterior portion of the abducens complex and the point of 
origin of the m. oblitiuus inferior and the m, rectus infeiior 
(text-fig. 14, 

The trochlear nerve was observed for the first time in the 
longitudinal series but it could not be made out in the horizontal. 
It arises in the usual way from the dorsal side of the brain and 
runs ventrally almost as far as the level of the dorsal border of 
the Gasserian ganglion. 

The first indication of tlie formation of muscle cells is seen in 
series (h) and is most marked in the mm. recti superior, inferior 
and externus, less definite in the in. obliqims inferior, and not 
recognisable at all in the m. obliquus superior. 


Embryos of G.L. fi-fi mm. (V. '01) & 10 mm. (VI.’01) 
(^Stages X. & XI.). (PI. I. figs. 1, 2 & text-fig. 17.) 

These two embryos, measuring 9*5 and 10 mm. respectively, 
resenible in many respe<‘ts those of the last stage but show in 
some details a slight advance in development. 

The outline of the eye is more oval and the eyelid has cli)sed 
over at the extreme ventml side of it. At 10 mm. the cavity of 
the huis is furtlier reduced and the opening in the optic stalk is 
narrower. 

A slit-like remnant of the head-cavity is still jn-esent in both 
embryos (text-fig. 17, /./t.c.). Figs. 1 2 (PI. 1.) show posterior 

and anterior views of a wax-jdate model of the embryo (»f 
9*5 mm. The m. rectus suj)erior is now (juite conspicuous and 
has giown forwai-ds and dorsally above the optic cup (figs. 1 ifc 2, 
r.«.). Below the latter the ni. obliquus inferior extends down 
from the postero-lateiul eorner of the solid mass of mesoderm 
ivhich has taken the place of the former head-cavity (fig. 1, 
oAaf,). The lu. rectus inferior is now more marked and stretches 
out anteriorly below the optic stalk (fig. 2, r.iv/,). The m. 
obliquus superior (fig. 2, o.#.) lies in the same position as in the 
last stage; but is larger and more prominent and still retains 
the naiTOW prolongtition runningbackwaids towards them. re<‘tus 
Rupenor (fig, 1, r.s,). The two portions of the abducens complex 
are well seen in the model (PI. I. fig. 1 and text-fig. 17, rJt. tk 
r.c,) and are very similar to the embryo of 8*5 mm. 

At 10 mm. the <liffei*entiation of muscle fibres is well estab¬ 
lished and can he seen in all the developing eye muscles. 

In both embryos, at the point of origin of the in. rectus 
inferior and m. obliquus inferior, a narrow band of mesodermal 
cells runs directly outwards immediately anterior to the m. 
obliquus inferior and becomes united with the ventral side of 
the eyelid posterior to the optic cup (PI. I. figs. 1 2, +). 



Trichoaurut mJpacuIa, Q,L. 9*5 nun. (V, ’01). 

Hon/oiital section through the head (8 4-8-5), pushing through the optic tup (»>// c ), 
optic stalk (ops) uiid lens (^), and sboviiugthi List \iJ8ligcof tin left lieail- 
ca\ity (/./ic) and the pfoximul end of the m obhquuK inleiioi (otn/), into 
nhich fibies of the o<*uioiiiotoi nerve (III.) peuotiate. The two poitiouH (r b. 
& r.e,) ot the abduceiH inuscle-inass are well ht*eii and me pcnetidted b) the 
abdutcns ueive (VI.). X 110 and icdutetl by J. 

«.c.a.»arteiia ceiebii anterior. JPJI »foie-braiii. ^ r.^tbi'Jhcnau ganglion, 
nr.r.»naso-cdiary branch of the trigeminal ner\t. e^.m-\ena tiipili^ 
medialis. 

Embn^os of G.L, 11 mm., 11 *5 mni., & 12 mm. (=8tiiges XIL 
& XIll.). (Text-fig. 18.) 

The observations were made from six embryos, one of 11 mm, 
(Xn. »04), four of 11-5 mm. (XXll. ’04, 5 ’97, 9 »98, & VII. »01), 
and one embryo of 12 mm. (X. ’01). 

The lumen of the optic stalk is very small and the cavity of 
the lens is consideiubly reduced compart with the 10 mm. stage. 

A thick strand of cells running postero-medially lovards the 
hypophysis on each side of the fore-brain is all that remains of 
the unused walls of the former head-cavity. With tlio lateral 
end of this strand is connected the in. iociub superior which, 
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running dorsally outwards, ends above the eye just behind the 
middle of the latter (text-fig. 18, r.«.). 

The m. rectus inferior (text-fig. 18, r.inf.) arises below the 
proximal end of the m. rectus superior with which it is joined 
by a slender connection ; it has increased in thickness and passes 
out ventrally and anteriorly below the optic stalk. Behiiul the 
middle region of this muscle, towards its proximal end, a small 
new ofishoot bmnches out and stretches up dorsally on to the 
anterior side of the optic stalk; this is the first appeai’ance of 
the m. rectus interims (text-fig. 18, r.u). 



Trichofurtu vulpecula. G.L. 11*5 mni. (5 ’07). 

Longitudinal swtion (S 11-3-6), showing tho priiiiortliuin of thr in. ivctns inU'inus 
(r.i.) which tlovelops as lui out.growth iroin the m. roctus inferior (r.»M/’). 
Thf ni. roctus extonms {r.e.), m. rectus superior and m. obluiuus suiierior 
(«.#,) are also seen. X 110, 

^.r. = Gaaserian ganglion, w.c.r.^naso-eiliary branch of trigeminal nerve, 
ojii.a, as optic btalK. II I. » oculomotor nerve. VI.a=abducens nerve. 

The ni, obliqiius inferior has changed most in position compared 
with the last stfige. It has mova^d forwards below the bulbus 
and now runs antei'o-ventrally outwards, lying some disttince in 
front of the ra. obliquus superior above. It is loosely joined, to 
the outer ventral end of the m. rectus inferior, though this 
connection is nothing more than a few strands in the 11*5 mm. 
embryo, and its distal end has begun to turn slightly forwards 
towarfs the oli-nasal cartilage from which it finally takes its 
origin. 

The m. obliquus superior is now well developed; it luis 
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iuci'eased in length and runs from the dorsal anterior side of the 
bulbus inwards and slightly downwards (text-fig. 18, o.m,). 

The anterior portion of the abducens muscle-mass (text>fig. 18, 
r.e.), which we may now call the m. rectus extern us, stretches 
out lateiully in the usual position posterior to the other muscles 
and just behind the ciliary ganglion, its pointed lateral end 
extending outwards towards the posterior Ixirder of the eye. 
The inner dorsal portion of the mass, however, is now shorter 
and its anterior end, which is united with the m. rectus externus, 
has thickened, the thickening being the preliminary stage of the 
later foiward movement of this portion which is the pi*imordium 
of the m. retractor bulbi. 

The oculomotor nerve passes ventrally from the mid-brain 
anterior to the Gasserian ganglion, gives off a twig into the 
proximal end of the m. rectus superior, tlien goes downwards 
through the medial side of the ciliary ganglion immediately 
behind the optic stalk. Leaving the ganglion, it gives off a' 
branch to the in. rectus inferior and runs outwards on the 
postero-latei^ side of the latter to send an offshoot t<i the 
m. obliquus inferior (text-fig. 18, III.). Thus all the oculomotor 
muscles receive their nerve supply at practically the same time. 
The ciliary ganglion is slightly larger than at the last stage ami 
forms a transversely elongated mass of cells lying on a level with 
tlio optic stalk between the ventral end of the m. rectus externus 
and the proximal end of the m. rectus inferior. 

The trochlear neiwe cjin now he followed from the dorsal 
surface of the brain downwards immediately in front of the 
Gasserian ganglion, its distal end turning forwards to run into 
the m. obliquuh superior. 

As in the last stage, a strand of mesoderm cells exientls 
laterally from the proximal end of the m. rectus inferior to tlie 
ventral border of the eyelid, but here, owing to the forward 
movement of the m. obliquus inferior below the bulbus, this 
strand now lies dorsal and posterior to the latter muscle. 

The embryo of 12 mm. only differs in the following respects 
from the 11*5 mm. The eyelids have folded completely over the 
eye; all the muscles have increased in size and every trace 
of the walls of the former head-cavity has disappeared. The 
attachment of the distal end of the m. obliquus inferior to 
the ali-riasal cartiloge has begun and the anterior end of the 
primordium' of the m. retractor bulbi, only apparent as a 
thickening in the last embryo, now projects slightly forwards 
towards the optic stalk. 

Embiyos of G.L. 13 & 13 3 mm. (* Stage XIV.). 

The stage consists of three embryos, two measuring 13 mm. 
(a) (IX.’01) & (6) (XXV.), and the third (c) (XXIV.) with a 
lenj^h of 13*5 mm. 

The optic stalk is still hollow, though its ca\dty is very small 
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and difficult to see in the mid-region of its extent. In (a) the 
eyelids have folded completely over the eye, but in (b) they have 
closed over the lower half only and here tlie lens is solid. 
Otherwise the eye resembles that of the last stage. 

A vestige of the walls of the former hetid-c^ vity is still present 
in embryo (a) only, and is seen as a strand of cells running back¬ 
wards and inwai'ds from the medial end of the m. rectus superior. 
In (a) the latter is an independent muscle, whereas in (ft) and (c) 
it is apparently still joined with the m. rectus inferior. 

As the positions of the muscles at this stage are very much 
the same as at 15 mm., of which a wax model has })een con¬ 
structed, they will be described in detail in the secjuel. A few 
remarks may, however, be made here. The m. rectus interims 
is as yet very short and at 13 mm. the m. rectus inferior is still 
attached to the m. ohliquus iiifeiior, but the separation of the 
two mnsfdes is complete at 13*5 mm. The m. obliquus inferior 
is now <letinite]y attached to the ali-nasal cartilage; it has thus 
changed its position, its outer end turning inwards to the point 
of attachiuent, while the proximal end is inserted into the 
antero-ventral side of the Imlbus. 

The part of the abducens muscle couqdex destined to form 
the m, retractor hulbi Ijas grown still further forwards and 
outwards towards the medial wall of tlie eyeball. From its 
lateral side the ni. recttis externiis extends almost directly out¬ 
wards to the posterior lower wall of the hulhus, the two muscles 
running out. at an acute angle to each other, the m. retractor 
hulbi crossing the inner end of the in. rectus exteruus. 

Embryos of G.L. 14. 14 5, k 15 mm. ( = Stage XV.). 

(PL 11. figs. 3 5.) 

]n this stage we have an embryo of 14 nun. (XXIII.), two 
pouch young of 14*5 mm., a (XV. ’02) and ft, and one of 15 mm., 
the last throe being reckontly iK)rn. 

The eyelids are now quite folded over but the optic stfilk 
still contains a minute cavity. • 

The m. rectus superior (PL II. fig. 4, r.s,) runs from behind 
the inner end of the optic stalk just above the proximal end of 
the m. rectus inferior slightly doi-sally and outwards, its pointed 
outer extremity being inserted in the eyeball dorsal to the 
posterior side of the latter and at a slightly lower level than the 
m. obliquus superior. 

The m, obliquus superior (PI. II. fig. 3, o.s.) is now* a sti'onger 
better developed muscle than at 13 mm. It extends diiecbly 
outwards over the anterior side of the bulbus, its broad inserted 
end, which is flattened antero-posteriorly, stretching further 
laterally over the eyeball than any of the other eye muscles. 

The m, rectus inferior (PL II. figs. 3 & 5, r,w/.) arises from 
below the inner end of the optic sUlk and passes downwards and 
slightly anteriorly below the stalk as a broad muscle which tapers 
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gradually it proceeds below the bulbus, its pointed ventral 
end being inserted close to the m. obliqmis inferior. Near its 
wide proximal end, immediately in front of the optic stalk, the 
m. rectus intemus branches off and runs outwards with a slightly 
dorsal trend on to the anterior side of the bulbus close below the 
m. obliquuB superior (figs. 3 & 5, r.t.). The ni. lectus interims 
is as yet a much thinner and shorter muscle than the m. rectus 
inferior but has nevertheless grown considerably since our last 
stage, now stretching farther laterally and upwaids towards its 
future point of insertion in the eyeball. 

The m. obliquus inferior (PL II. figs. 3-5, oAnf,) is no longer 
connected with the m. rectus inferior. It appears as a more or 
less dorso-ventrally flattened structure of a somewhat oblong 
shape, having a lightly longer axis in an obliquely antero¬ 
posterior direction; as at 13*5 mm., its now pi*oximal but formally 
distal end is attached to the ali-nasal cartilage, the opjpiisite 
once proximal end extending towards the lower anterior side of 
the bulbus. 

As regards the abducens complex, we see at 15 mm. veiy little 
advance compared with the last stage. The |K>rtion con'es^wnding 
to the m. retractor bulbi (figs. 4 5, r.ft.) stretches farther 

inwards and posterioi’ly than any of the other muscles; it 
increases in thickness as it runs antero-laterally and downwards 
towards the outer end of the optic stalk, its distal end lying just 
behind the junction of the oculomotor with the ciliary g{inglir>n. 
In the model this end shows the first indications of giowth round 
the posterior side of the optic stalk, but this growth round the 
stalk is, however, more marked in 14 mm. and 14*5 mm. The 
m. rectus externua (figs. 4 & 5, r.e.) stretches from the lateral 
side of the m. retiuctor bulbi, not far from the anterior end of 
the latter, outwards and^ downwards, its outer pointed end lying 
below the posteixi-ventml side of the bulbus some distance 
behind the outer end of the m. obliquus inferior. 

The abducens nerve extends forwards from its origin and then 
downwards on the outer side of the m, retractor buUn, running 
into the abducens complex at the region whei*e the two conqioiients 
of the latter are joined with one another (fig. 4, VI.). 

The oculomotor nerve (PI. II. figs. 3-5, III.) runs forwards 
medial .to the naso-oiliary branch of the trigeminal into the 
posterior end of the m. rectus superior, and continues obliquely 
outwards and downwards close against the inner end of the 
ciliary ganglion and along the side of the m, rectus infeiior next 
the eye. It gives off fibres on this same side into the root of the 
m. rectus internus. Leaving the m* rectus inferior before the 
latter reaches the bulbus, it passes anteriorly and ventiaJly into 
the m* obliquus inferior. 

The ciliary ganglion forms an elongated mass of cells stretching 
out belaw the optic stalk; at 15 mm., as seen in the model (fig. 5, 
cU.g.), it is not so elongat^ as in some ef the examples measuring 
13 mm* and 14 mm. 
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The distal end of the trochlear nerve 3-5, IV.) runs 
forwards and outwards into the posterior side of the medial end 
of the m. obliquus superioi*. 

The naso-oiliary branch of the trigeminal nerve (figs. 3-5, Y.) 
passes out immediately lateral to the oculomotor, downwanls 
l)elow the j>osterior side of the m. rectus superior, and forwards 
above the optic stalk and along the anterior lower border of the 
medial end of the m. oblhpius superior to the snout. 

Fcotus of G.L. 17 and of 17*5 mm. 

This stage consists of two pouch young, one measuring 17 mm. 
and the other 17*5 mm. The optic stalk has quite disappeared and 
the eye muscles have practictilly attsxined their adult positions. 

The distal end of the m. obliquus superior turns posteriorly 
ami comes to lie so close to the outer end of the m. rectus superior 
that the two muscles are inserted almost at the same place. 

The rn, rectus interims has increased gi-eatly in size and is 
now a well-developed muscle; it is, however, still connected with 
the in. rectus inferior at its proximal end by a thin band of cells. 

The m. obli(|Uus inferior, as in our last stage, runs obli(|uoly 
backwards from the ali-nasal cartilage, its posterior end now 
being inseHed anterior to and on the lateral side of the m. rectus 
extermis. 

The m, rectus externus and the m. retractor bulbi are now 
separate muscles. The former is inserted on tJie posterior side 
of thelmlhus; at about its mid-region on the anterior side, an 
indentation is present which in all prolwibility represents the 
first indication of the later division of the muscle into two portions. 
The m. retractor bulbi has developed considerably; it extends 
from the middle of the basisphenoid cartilage, to whicli it is 
becoming attached, anteriorly and outwards, its distal end 
surrounding the posterior side of tlie optic nerve in the shape of 
a half moon, the pointed ends of which stretch out, the one above, 
the other below the nerve. Tlie m. retractor bulbi is innei'vated 
by a small branch from the abdueens nerve bcfoi-ethe latter runs 
into the m. rectus extenius. 

Feetus of G.L. 5*2 cm. (Text-fig. 19.) 

The m. retractor bulbi (text-fig. 19, r.b.) hfis now atbiined its 
adult position. It entei's the orbit on the posterior side of the 
optic nerve and, surrounding the latter, sti-etches outwards as a 
circular sheet of muscle gradually diminishing in thickness and 
increasing in circumference up to its insertion round the inner 
side of the bulbus within the recti muscles. The two edges of 
the sheet lie close together, especially at its outer end, but they 
never completely fuse. 

The proximal end of the m. rectus externus (text-fig. 19, r.<?.) 
is split up into two portions, already indicated at 17 mm., wJiich 
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unite distally to have a single insertion on the posterior side of 
the bulbus. 


Text-figure 19. 



> « 
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TricliotmruM tmlpeeula, G.L. 5'2 cm. 

Longitudiiml Dectioii (S 23-1-5) passing through the optic nerve (11.) and the 
snri'oundiiig eye muscles. The ui. retractor bulbi (r.5.) forms a circular sheet 
of muscle within the other eye niusclefi. The two portions of the m. rectus 
exteriius (r. 0 .) are also seen. X 35. 

/.jp.s.»lovator palpebras superioris. obliquus superior. VI.-«.‘abducenM 

nerve. rectus irifernus. r.nsf.^m. rectus inferior. rectus 

superior. 


Summary of Events in Trichosurus vulpecula. 

In early stages a large preinandibular cavity siiri*ounded by 
a single epithelial layer of cells is present on each side of the 
fore-brain posterior to the optic vesicles. 

In the 7 mm. embiyo an extensive thickening occurs on the 
lower two-thirds of the posterior wall, later (in the 6 mm. 
embryo) extending on to the ventral wall of the cavity. From 
this thickening the m. obliquus inferior and the common 
primordium of the m. rectus inferior and m. rectus intemus 
develop, the first to appear being the m. obliquus inferior which 
mws out laterally as a solid protuberance from the ventro* 
lateral side; the m. rectus inferior arises a little later (in the 
embryo of 8*5 mm.) as a forward extension from the thickened 
wall immediately medial and dightly ventral to the m. obliquus 
inferior. 
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As development proceeds, the m. obliquiis inferior moves 
forwards below tlie eye, its distal end turning inwards in the 
11'5 mm. embryo to become attached to the ali-nasal cartilage. 
It becomes independent in the 13*5 mm. embryo ami its origin¬ 
ally proximal end moves outwards to reach its final insertion on 
the antero-ventral side of the bulbiis. 'Hiis muscle thus under¬ 
goes a notewoi*thy change in position. The m. rectus inferior 
grows forwards and outwards, becomes independent and finally 
extends downw’ards from lielow the inner eml of the optic cup to 
become inserted in the ventiiil side of the bulbus close to the 
m. oblitjuus inferior. 

From the dorso-latoml region of the cavity in the (> mm, 
embryo appears a bud-like outgrowth M'hose surrounding walls, 
especially that of the [)usterior side, proliferate and give rise to 
the m. rectus superior. The primordium of this muscle grows 
antero-iK)steriorly over the eyeball, becomes independent and 
very early attjiins its final position (11 to 12 min.). 

The remaining walls of the bead-cavity undergo degeneration 
and become obliterated in the suiTounding mesenchyme. 

The ui. rectus internus is the last of the eye muscles to make 
its appearance. It tirst <levelops in the 11 mm. embiyo as an 
outgrowth from near the proximal end of the m. rectus inferior 
and grows dorso-laterally to become inserte«l on the anterior side 
of the bulbus. 

The abducens complex is first seen as a. soli<l ma.^s of cells 
lying posterior to the prernandibiilai- cavity ami consisting of 
jKistero-dorsal and anU»ro-ventral poitions. The latter grows 
out laterally as the in. rwtus exterini.s ami the former grows 
forw’ards ami outwards, cro.ssing the inner eml of tJie m. rectus 
externus, its ilistal eml linnlly surroumling the o]>tic nerve as tlie 
111 . retractor bulbi. 'fhe in. i-etractoi* bulbi is the last of the eye- 
muscles to lussume its linal position. 

The m. obliqiius su}H?rior Uikcs its origin frotu a. mass of cells, 
termed by me the intermediate mass, which can be traced down¬ 
wards into continuity with the ma.xillo-mandibular mass of 
mesenchyme. The anterior band-like pirt of the iutermeiliate 
mass separates off to foiin the jirimordium of the m. ohliquus 
superior. It grows imvards to form a inuscular band, which 
extemls out from above the in. rectus internus to tlie anterior 
side of the bulbus. 

The moi'e posterior portion of the intermediate mass, attached 
to the inaxillo-inandibular mesenchyme, is wider and composed 
of more loosely arranged cells, and is also connected in our earlier 
stages with the lateml side of the primordium of the m. rectus 
externus and for a still shorter period with the postero-Interal 
wall of the head-cavity. After the m. rectus externus and the 
m. obliquus superior become independent the intermediate mass 
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Notes ob other Marsupials. 

PhoBColarctos ciiiereua. Embryo of G.L. 4 mm. 

Our earliest stage of Phascolarciog cinereua mcjisures 4 mm. 
at its greatest length. The outer wall of the optic vesicle is 
thickened and flattened and the optic stalk is in wide communi* 
cation with the fore-brain. 

Situated postero-medially to the optic vesicle on each side is a 
large premandibulai* head-cavity, the long axis of which lies in 
the sections in an obliquely antero-posterior direction. From 
the posterior and postero-lateral walls active pix>lifemtion is 
taking place by means of hollow buds which are glowing out from 
the cavity, a solid mass of cells being formed by the thickenc'd 
walls of one bud running into those of another. Next the fore¬ 
brain the walls consist of a single epithelial layer, which in some 
places, however, is not distinctly seen. 

Unfortunately, this embryo is not well preserved and the 
abducens muscle-mass is very difficult to distinguish from the 
thickened posterior wall of the head-cavity. 


Embryo of G.L. 7*5 mm. (Text-fig. 20.) 

An older embryo, measuring 7*6 mm., shows the optic vesicle 
much further invaginated and the primordiuin of the lens in the 
form of a thickened hollow ingrowth from the ectoderm. 

The head-cavity has increased considerably in size, having n 
maximum diameter of *30 mm. x*26 mm. (text-fig. 20, r./i.c.),nnd 
its antero-ventral portion haa grown forwards above the optic 
vesicle. The whole of^the posterior wall is thickened; hollow 
buds, many of which are long and tubular, run out into a mnss 
of closely packed cells, the entire region appearing as an irregular 
mass pitted with small hollow spaces (text-fig. 20, p,). The wall 
next the fore-bmin, as in our flrst stage, is composed of a single 
layer of cells. 

The abducens muscle-mass, which is clearly recognisable, coti- 
sists of a narrow postero-dorsal portion lying along the medial 
side of the vena capitis medialis; this continues into the laiger 
anterior part, which extends obliquely foiwards and downwards 
postero-laterally td the head-cavity to meet the intermediate 
mass. The latter stretches forwards just above the optic vesicle 
into a bulbous extension, the primordium of the m. obliquus 
superior, and runs downwnnis into the maxillo-mandibular 
mesenchyme; it is also connected with the postero-lateral wall 
of the head-cavity. 

The oculomotor nerve is well developed, its distal end termi¬ 
nating some distance from the bead-cavity. 
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Text-figure 20, 



P- 


P/itiHniftirt t t'i ctticreus. G.L. 7‘o mm. 

HorizontHl M'ctiou thniujrh tlio licad (S 5-3 7), pa^sinq: inniu*diati‘ly above the 
optic vesicle ami just below the iiuddle ut the nqrlit head-cu\ity {r./i.r.} The 
posterior wall of llie is actively prohteratiii>? (p). Si/ie ot cavity 

VR) mtii.X'iid mm. X llU and reduced by 

a.cM. a- ai'tona cerebri anterior. FR = For4‘.braiii. /tp. - hypoph} sis. 


Eniluyu of O.L. 1) mm. (Text-fig. 21.) 

At 9 iiiiri. tlie ojitic vesiele is closeil exce*pt on tlie medial side 
where the hollow optie stnik runs inwards to the fore-brain. The 
lens has now the form of a vesicle and is no longer connected 
with the ec1(Hl<’nn, 

The head-cavity is |^'ll Iniger (toxt-lig. 21, ^.//.c.)and resembles 
in shape that of Trichosuras^ embryo (a) 7*25 mm. A large bud 
is present on the iloiso-lateMil side, tin* posterior ami ventral walls 
of which are thickened, whilst the whole of the jK)stero-lateral 
wall of the aivity is actively proliferating. 

The primordiuni of the in. obliipins inferior runs out from the 
postero-lateral side of the cavity behind the optic vesicle, and 
medial to this muscle there is an indication of the future ni. rectus 
inferior. 

The abdiicens muscle complex is well marked in this embryo, 
and its connection with the intermediate mass and the m. obliquus 
superior is clearer than in any of the embryos of Trwhosurvs 
examined (text-fig. 21). The abducons nerve runs into the 
postero-dorsal portion which is situated in its usual position 
medial to the vena capitis medialis; the anterior portion (text- 
fig. 21, /*.<?.) lies along the postero-lateral side of the cavity in 
Pjioc. Zool, Soc. —1915, No, XXIV. 2d 
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front of the vena capitis medialis and stretches laterally into the 
intermediate mass (text-fig. 21, inUm ), The latter extends, on 
the one hand, forwards and upwards to be connected by a narrow 
band of cells with the m. obliquns superior (text-fig. 21, o.«.) 
and on the other, downwards and backwards to join the maxillo¬ 
mandibular mesenchyme. 


Text-figure 21. 



PkascoJfirdo^ ciuereus. G.L. 9 mni. 

Horizontal sootion tho lioad (S 4-2-0) piuiHinfr throufrli tlio left liiad- 

<iavity about a quarter of the way down, and Bhowiii^ the ni. obliquns 

Kuperior (o.«.) ji^rowiDg foi'wai-dH from the intennediate niaus this beiu}; 

also united with the abduccns muwde-ina»8 (r.c.). In the next few swttions 
further ventrally, the iiiterinedinte maaft in joined with the fioMtero-lateral unll 
of the heml-cavity at approximately the w*giou marked #, XI10 and redueetl 

by h 

a.ro.^arteria cerebri anterior. P’H.*fore-brain. p.r.=Gasserian ganglion. 
hp. hypopliysis. n,c.V. ^ naHO-eiliarj' branch of the tri^eniiiiMl lu'ixe. 
r.e a.= vena cerebralis anterior. r.e.»i.a®vuna capitis modialU Jll. -uculo- 
tnotor nei’ve. 

The III. obliquns superior is a compact mass of cells lying 
aiitero-laterally to the ciavity above the optic cup. The intei-- 
mediate mass a few sections below the level of text-fig, 21 is 
attached to the extreme postero-lateral wall of the cavity. 

The oculomotor nerve runs down close to the postero-laterfil 
wall of the premandibular cavity (text-fig, 21, III.) and below the 
level of the same splits up into many fibres near the point of 
origin of tiie m. ohliquus inferior. 
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Einhryo of G.L. 11 mni. 

In onr next embryo, whicli measures 11 mm., all traees of the 
heinl-cavity have <]isaj»[)eared, the m. oblicjuns inferior has be^un 
to move forwards below tlio eye anil the m. i-ectns inferior is 
further developed. Phascnlarctos has now reaelied a sta^e in 
development intermediate between that of the Trlchoanrus 
embryos of 10 and 11 mm. 

The Liter history of the eye mnscdes is similar to that of 
Trichosnrm and need not again be described. 

Phahcolomys mitchelli. (Text-fig. 22.) 

The two youngest embryos of PJmscalomiits miichelli measure at 
their greatest length 9 mm. and 8*5 mm. respectively ; the former 
is slightly the younger of the two. 

The optic vesicle is closi*d and the optic st ilk is in wide com¬ 
munication with the fore-brain; the lens is a hollow vesicle shut 
off from the ectoderm. 

Text-figure 22. 



l^hascohiin^s mitc^ellL CJ.L. 8'o iiiiti. 

Longitudinal section (S 3-1-1) passing through the latcntl side of the right head- 
cavity (r.A.e.) and showing the proliferation from the dorso-lateral wall («/./.) 
and the primordium of the m. obliqims interior (o.ta/). The internu^iate mass 
iinUm,) situated between the cavity and the Gasserian ganglion (f/.l . is to 
lie connected with the maxillo-niaiidilinlar niesenchyiuo hy a bund 

of cells lying just on the medial side of the vena orhitalis interior 
XllO and reduced by b 

rt.c.ff.=sarteria cerebri anterior. op.r.s»optic cup. e.cv;.=*veiia cerohralis anterior. 
v.r.iH. s=vena capitis medialis. i;.o.i.=veiia orbitalis inferior. 111.~oculomotor 
nerve. 


24t 
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Ill the 9 ruin, embryo the head-cavity i« large and triangular 
in shape, resembling that of the 9 mm. stage of PItascolarctos, 
while in the 8’5 mm. specimen it is much reduced in size (text- 
fig. 22, r.A.c.). In both embryos a dorso-latei-al prolifeiyiting 
muscle-bud is present (text-fig. 22, d.L\ and the m. obliquus 
inferior extends down from the ventro-lateral wall posterior and 
ventral to tiie optic cup (text-fig. 22, o.tnf.). 

The anterior portion of the abducens muscle complex is joined 
with the intermediate mass, and the connection of the latter with 
the maxillo-mandibular mesenchyme by means of a wide band of 
cells is well seeu in the 8*5 mm. embryo (longitudinal serits) 
(text-fig. 22). 

The m. obliquus superior has the sirme appearance as in the 
9 mill, stage of Ph^colarctos; on its inner border it practically 
surrounds the supra-orhital branch of the trigeminal nerve. 

The oculomotor nerve is jirolonged ventrally into tbe ni. obliquus 
inferior and the abducens nerve runs into, the hinder en<l of the 
postero-dorsal portion of the abducens muscle complex. 

I'he examination of the two older stages, measuring 15*5 mm. 
and 17*5 miu. respectively, shows tliat the further development of 
the eye muscles proceeds as in Trichostiras. 

Macropus ruficollis. (Text-figs. 23 k 24.) 

Only one embryo of Afaci'opus with a maximum length 
of 6*7 mm., came under obsenation. The optic; vesicle is 


Text figure 23. 



Mtt6ropu$ ruftcollia. G.L. 6*7 mm. 

Horiseoiital section throngrh the head (S 4-S-l) showint^ the head-cavity on 
each side A> r.A.(*.). Si/e of cavities: left»'29 mm.X'i4 mm.; right 

»'a0 mm.X'16 mm. X50 and mluced by i. 

«.c.(».a»ai*teria cerebri anterior. FB.^fove-hrmn. /i;».«bypotiUysis. 
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flattened, its outer laj^or being much thickened nnd Vmlging into 
the cHvity, and the wide opening in the 0 ])tic stalk is connected 
with the fore-brain. The ectoderm opposite the vesicle is as yet 
only slightly thickened on the ventro-lateral side of the latter. 

This embryo possesses a large preniandibuLu’ hcad-ca.vity on 
each side of the fore-brain in the usual position liiedial and 
posterior to the opthi vc*sicle (text-figs. 23 & 24, l.h.c. & rJi.c.). 
The dors;d portion of the c.avity is s^miewlmt irregular in shape 
with a small area marked off towards the median plane by a. 


Text-figure 24. 



MacropuK ruHeoUis. G.L. (V7 mm. 

Loft hrad-cttvity {l.h.r.) sliowiii); its lining; of a sii)};lc layer of rpitliehal 
Si/c of cavity*-**20 mtn.X’ll mm. X2(K). 


constriction as in Trichosurtis^ embryo (a), 5 nun.; further 
ventrally, it assumes a more oval form (text-figs. 23 & 24, Lh.c. k' 
r.hx.)y measuring on the left side *29 mm.x’29 mm. x*14 min. 
and on the right *31 mm.X'30 mm. X'lfi mm., the shortest 
measurement being the transverse one. It is lined throughout 
by a single layer of epithelial cells. 

The abducens muscle complex, the intermediate mass and 
the primordiiim of the m. obliquus sujH^rior are united in tl\e 
usual way, but their respective limits are difficult to determine 
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as their component cells ai*e loosely connected and rather spread- 
out, so that they ai'e not easily distinguished from the suiToiiiiding 
mesenchyme. The primordium of the m. obliqmis snj)erior is 
more compact than the i*est and forms a lai'ge rounded mass al)ove 
the optic vesicle, posterior to and on the outer side of the supra¬ 
orbital branch of the trigeminal nerve, 

Perameles spp. (Text-fig, 25.) 

Our first stflge of Perameha is an embryo of P, namtti 
measuring 5*7 mm, at its greatest length. The primary optic 
vesicle is flattened and the outer layer thickened, and the 
fjptic stfilk contains a wide cavity communicating with tlu? 
fore-brain. The adjacent ectoderm is enlarged and slightly 
invaginate<l to form the primordium of the lens. 


Text-figure 25. 



Perameles nasutd, G.L. 6*7 min. 


Hunzcmtal Auction throuf^li the head (S 4-1-11), showiiifi' thu left lioad-cavity 
(f.A.r.) when at ite largest. X 110. 

a.c\a, urteria cerebri anterior. JPB. fore-hrain. /fp. =» hypophysis. 
op.r^ *= optic cup. 


A small very reduced head-cavity is to be seen on each side 
posterior and medial to the optic vesicle (text-fig. 25, /.A.c.). 
It is very irregular in form, is much broken up, and for the 
most part is bordered simply by mesenchyme cells, a definite 
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layer of epitbeliuin having been observe<l only in the section 
figured whore the cavity is larger than it is elsewliere. There 
a}>pear to be proliferations of cells round parts of the cavity 
but no definite rnuscle-niasses (!a.n he distinguished. 

The m. obliquus superior and the abducens muscle-mass are 
connected by means of the intermediate mass raid show the 
same relations as descril:)e<l for <»ther genera. A portion of 
the intermediate mass is apparently joined with a side of the 
head-cavity but the limits between the parts ai-e again difficult 
to make out. 

In the next embryo, which measures 7 mm., the cavity of the 
optic vesicle is almost closed and the lens forms a hollow vesicle 
but the optic stalk is still widely open. Small hoad-Ciivities are 
again found, the one on the left side being larger and better 
developed than in the 5*7 mm. embryo, w'hile that on the right 
is more or less broken up. On both sides a thickening is present 
on the postero-lateral side of the hea<l-cavity and the primordinm 
of the Ill. obliqnus inferior extends down below the cavity ; on 
the left a proliferating dorso-lateral bud is present. 

Jn the 8*75 mm. embryo of 1\ obesula the cavities have almost 
disapjiea.red and may be compared with the traces of the heaii- 
cavity still left in the 8*5 mm. embryo of THchosurus, 'J’he 
muscles are developing as in the latter. 

Diuelpuys MAHsrPiALis. (Tcxt-fig. 2fi.) 

We had at our disjwsal only one embryo of JJiMpIn/fi 
measuring 8*5 mm. The optic vesicle is completely in vagina t(Ml 
and its cavity ohlitenited ; the ojitic stalk on the right side 
ctmtains a prominent cavity connecting it with the forc-hrain 
hut on the left it is almost solid, only a few* very small hollow 
space's remaining, and these are chiefly on the side next the hrain. 
On the left side the Ions has just separated off from the ectoderm 
but lies close to tlie latter and is of a remarkably small size, hut 
on the right no lens could be seen and had apparently not \et 
begun to develop. 

No head-cavities are present but in the usual position of the 
latter, ]>osferior and iloi’stil to the eye, lies a condensed imiss of 
mesenchyme cells from which the eye muscles are developing. 

On careful examination, the postero-lateral side of this mass, 
which extends obliquely forwrartls in front of the vena capitis 
medialis, is i*ecognised without difficulty as the abducens muscle- 
mass (text-fig. 26, r.e.); lying parallel to this, on the anterior 
side of the whole group of cells, we see the future m. rectus 
HU|>erior (text-tig. 26, between the medial side of wdiich 

and tlie aliducens muscle-mass runs down the oculomotor nerve. 
The lateral side of the abducens muscle-mass is joined with the 
intermediate mass which, stretching forwards above the eye, is 
continued into an outgrowth corresponding to the primonlium 
of the in, obliquus superior (text-fig. 26, o.s. and The 
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intermediate mass is also united with the lateral side of the 
primordium of the m. rectus superior, thus recalling the con¬ 
nection of the intermediate mass with the postero-lateral wall of 
the head-cavity in other marsupials. The central region of the 
cell group is compact and as one passes further ventrally, below 
the section figured, the primordium of the m. obliquus inferior 
is seen to grow out downwards from this region, its approximate 
position being marked in the diagmm l)y a broken circle 
(text-fig. 26). Ill still younger embryos it is possible that 
vestiges of a Cavity may be present, but if so they become 
early obli tern ted. 

Text figure 26. 



I)idelph}f8 waraupwlia. G.L. S*6 inin. 

Hori/oiital Moctioii tlirougli the liewl (S Ihi* iimns of mosencliyme 

doi'iuil to the optic cup, from v/liich the eye inii»cleH are tlevelopiti^. 'I'ho broken 
circle indicates approximately the area from which, tnrthei veiitralij, the 
primordium of in. rectus inferior j^rows out. X IOC and reduced by 

a.c.a. nrturia cerebri anterior. Fli. *= fore-brain, int.m. « interinodiatc mess* 
O.S. a= m. obliquus superior. r,e. =» autoi'iov portion of abducens muscle-mass. 
r.«. =» in. rectos superior, v.c.a. = vena cerebral’s anterior, r.c.w. =» vena 
capitis inedialis. v.o.i. = vena orbitalia inferior. 111. ~ oculomotor nerve. 


The conditions in JDidelphys are interesting, as they may 
possibly form a clue to the more accumte identification of the 
group of mesenchyme cells fiDin wliich the eye muscles arise in 
liigher maminals. Reuter (’97), as already mentioned, regards 
the eye muscles in the pig as originating from a single mass 
of mesenchyme cells. In the description of his earliest stage 
(G.L. 10 mm.) he says (p. 384):—“Sie [die allererste Anlage 
der Augenmuskeln] hat die Form einer gestielten Sichel und 
umgreift mit den beiden riach vom gerichteten Scbenkeln den 
Augenstiel, wiihrend der dritte hintei’e j^chenkel vom N. abdu* 
cens forfcgesetzt wild. Die Spitze des oberen Schenkels bildet 
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sieh mit ihrem Nerven, dem N. trochlearis, am spiitesten aus.” 
By the second stage (G.L. 13 mm.):—“Die Musknlatuninlage 
wandert riach vorn gegen den N. opticuKS hin und verliert ibren 
liinteren fcichenkel, welcher von der Vena jiigiilaris nach vorn 
/jisaminengedriingt wird.” It will be remembered that in 
Tricho8tiriL8 (O.L. 7 mm.) tlie root of the vena cerebmlis 
anterior penetmtes through the dorsal side of the lai-ger anterior 
portion of the alxlucens muscle-mass ; this does not occur in the 
specimen of DideXphy^ which has perhaps passed this stage in 
development. 

DASYURUS VIVERRINUS. 

A good series of embryos of DmynruH vivernnua was examined 
and no signs of any head-cavities were observed. Tlie small size 
of these embryos, however, makes it exceedingly difliciilt to 
iilentify any small vestiges of cavities which might possibly 
persist.. 

We may conclude fiom the ])receding facts that the occurrence 
of well-developed premamlibular head-cavities is chaincteristic of 
the Diprotodontia, large cavities being found in I'richomrus^ 
Phaacolarctos^ PJutscoloitiya and Macropm» In the Polyproto- 
doiitia, on the otlujr liaiid, cavities may be present, 0 's for 
example in but only in the form of coTnpai*atively 

small irregular spaces, (piite insignificant as compared with those 
in tlie former group, or they are altogether absent, as in iJasyurna 
and probably also in Didelphya, the muscles from the first somite 
then <leveloping fi-om a solid mesodermal mass as in higher 
mammals. 

Although there are variations in the mode of proliferation 
from the >\alls of the premaiidihular cavity in the diftei'eiit 
geiiem, the later develojunent of tlie eye muscles presents much 
similarity and Trichosuriis may he regjirded as tyjiical. 

Con olu ding 11km a uks. 

From the foitigoing ohservalions we have further evidence of 
the unique position occupied by the marsupials in the Class 
Mammalia. The possession of well-developed preniandihular 
head-cavitics, as yet observed in no other mammals, recalls the 
conditions existing in many reptiles. These cavities correspond 
very closely with those found in the lizard (Corning, 99), in the 
snake (Oppel, ’90) and in the Chelonia (Filatolf, '07 & Johnson, 
13). 

Owing to lack of material of early stages it lias not been 
possible to determine the exact mode of origin of the cavities 
at the anterior end of the head in marsupials, or even to esttiblish 
the existence of a median piece connecting the two across the 
middle line. The connecting piece in reptiles very often forms 
‘ a wide cross-canal, which may pei'sist until a comparatively late 
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stage or may disappear before the cavities have attained tlieir 
itiaximum size. This variation is mentioned by Corning (*00) 
(p. 66):—Aus den Oppel’schen Figuren, wie aus den meinigen, 
geht hervor, wie stiirk die Variationen sind, welche man in 
Bezug anf die Ausbildung des mittleren VerbindungsstUckes 
zwischen den beiden Koptbdhlen antridt. Nicht selten bJeibt 
die Verbiudung noch in relativ spSlter Zeit bestelien, in andei*en 
Fallen is sie schon zu einer Zeit vei'schwunden, wo die Hohlen- 
bildung im lateralen Theile noch nicht auf ilirein Hohepunkt 
angelangt ist, in noch anderen sehen wir im Stiel einzelne 
kleinere Hohlenbildungen auftreten, die sicli spater rnehr oder 
weniger vollstaiidig zu einer grossen Hdhle vereiiiigeii,” 

In the 5 mm. embryo of Trichosurus and in the 6*7 mm, 
Macroptis, the small median portion jvartially constricted off from 
the rest of the cjivity (text-dg. 1, n.) may possibly coincide with 
the swollen part of the stalk, which runs from the somite to the 
middle line in Anguiafragilia (called by Oppel the “Hals”) and 
which takes a part in the formation of the liead-cavity. 

We have seen that tlie walls of the premandibnlar cavity, ns 
in most other Vertebrates, give rise to the muscles innervated 
by the oculomotor nerve. In Ttnchoaurua and {>rohably also in 
Vhaacolomya^ the primordium of the m. obliquus inferior and the 
common primordium of the mm. rectus inferior and rectus 
internus develop as solid outgrowths from the posterior and 
ventml walls, whilst the primordium of the m. rectus superioi* 
arises from the walls of a hollow evagination on the dorso* lateral 
side, the latter mode of origin resembling that of all the oculo¬ 
motor muscles in Lacerta (Corning, '99). In Pkascolarctoa^ 
elongated hollow outgrowths oc^ur along the greater part of tlie 
posterior wall of the cavity, an extensive budding here taking 
place. The further development of these three muscles in the 
marsupials agrees very closely with that of the same muscles in 
Cheh/dra (Johnson, ’13). 

The m. rectus internus and the m. rectus inferior develop from 
a common primordium, the m. rectus internus first appearing as 
an offshoot from near the proximal end of the m. rectus inferior; 
this offshoot gi*ow8 directly upwawls and outwaifis to the anterior 
side of the hulbus. In Ghelgdra, according to Johnson (’13), the 
common primordium becomes tmnsformed into “ a solid elongate 
mass. By the 11 mm. stage a constriction has appejired, slightly 
beyond the middle of this mass, differentiating it into a proximal 

M. rectus inferior and a distal M. rectus medialis. The 

proximal end, which at first is continuous with the distal end of 
the M. rectus inferior, works up along the medial side of this 
muscle so that the final separation of the two takes place at 
their proximal ends, t. e. their ends of origin.” No movement of 
this kind has been observed in TrichoauruSy and if it occurs it 
must take place in the short interval between the 10 mm. and 
11 mm. stages. 
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The abduceiis complex and the in. oblhjuus Huporior are 
diflicult to identify in our earliest staj;;os, but l>y coniparisou 
with slightly older embryos it is possible to make out their 
contours in the surrounding mesenchyme from which they are 
not easily distinguished. ]n our first stages, uf) to 8*5 nun., 
the primordia of both these musclc^s are unitetl with the maxillo¬ 
mandibular mesenchyme by an intermediate mass of more loosely 
lumnected cells, the ])osition of which is well seen in PJuiscolomys 
(text-lig. 21, p. 332). The rn. obliqiiiis superior arises from this 
intermediate mass as an upgrowth which extemls forwartls above 
the eye, the intermediate mass itself apparently degenerating. 
In the rabbit, Edgeworth (*03) regards the m. obliquus superior 
and the rn. rectus externus as “specialised portions of the man¬ 
dibular and liyoid myotonies which stjparato, the former late, the 
latter very early in <levelopinent, from the ujiper ends of their 
r<\spective myotonies ” (p. 82). Jn dhelydra^ according to Johnson 
(’13), the in. obliquus superior (p. 159) “grows forwanl as a stream 
of cells from the dorsal jKirtion of the mesenchymal cell-mass 
which results from the socoinl head somite,” the ventral portion 
of the latter at the 5 mm. stage being in close contact with the 
mesoderm of the mandibular arch. Jf we conqwire these con- 
<Utions with those in Trichosartia^ PhaHcolarctOH and Phrtficolomi/s, 
we may conclude with some probability that the intermeiliate 
mass answers to tin* sfK’ond somite of the head wdiose cavity is 
already obliterated, or in which a cavity has never develoi»ed, 
and from whose <lorsai region the m. oblh[ims superior takes its 
origin. In al.s(», at a certain stage in development, the 

identification of the second somite is a matter of some dilficulty. 
In the embryo of 7 iiim. Johnson sjiys (}>. 142):- -“The second 
head somite of the 7 mm. stage is of such indistinct and indefinite 
form that it may easily escape notice. It reaches here the most 
obs.Mire pluuse of its <levclc)pnieiit. The more or less conspicuous 
cavities of earlier stages have collapsed and broken down, and 
with 1 iieir dis;ippearanee the cells of their walls are with didiculty 
4listinguished from the intruding and intermingling iiiesenchynial 
elements.” 

No cavity is secui in the abducens inuscle-mass, which in oiu* 
earliest embryo is (juite solid ami shows a t(Miij»oraiy attiichmeiit, 
as above nientioiuHl, to tlio intermediate mass, this connection 
being probably a secondary phenomenon as in (Mydra, where it 
also occurs. It is possible that the intermediate mass, i. e, the 
second somite, may contribute towaifls the formation of the 
rn. rectus externus as in some fishes (Dohrn, ’04, Neal, *14), hut 
we have no direct evidence of this in Trichosurus, The m. rectus 
externus and m. retractor bulbi develop exactly as in Chelydra ; 
the origin of the m. retractor bulbi bearing no resemblatme to 
that of the pig where, according to llenter (’97), p. 37G:— 
“ Dieser Muskel ensteht a us dem inneren Mantel des Augen- 
muskelkelches durch Abspaltung von vorn nach hiuteu.” 
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In Chdydray however, the m. retractor bulbi eepnrates ofi’fi’om 
the m. rectus extern us at an early stage >>efore the second somite 
has completely degenerated and when the m. rectus inferior and 
internus first begin to difierentiate from each other, whereas in 
Trichomrua it only l)econies an independent muscle at 17*6 inin. 
after the other muscles of the eye have assumed their final 
positions and at a time when the m. rectus inferior and internus 
are almost completely sepamted. The m. retractor bulbi in 
both animals is the last of the eye-muscles to leach its adult 
position. 

The cranial nerves Ill, IV and VX arise from the brain and 
grow towards their respective muscles, theii* connection with the 
mesodermal somites being a secondary one as shown by Neal (14). 
No independent origins in the muscles themselves nre present hh 
described by Filatoff (’07) in Emya lutaria. The oculomotor runs 
at its distal end into the proliferation on the postei'o-lateral wall 
of the liead-cavity and breaks up into many fibres at the region 
where the m. obliquus inferior and m. rectus inferior first grow 
out, these two muscles being innervated at pi’actically the snnie 
time; later, at the earliest indication of the m. rectus internus, 
fibres ai*e seen to run into the l oot of the latter. The abducens 
develops in the typical manner and runs into the posterior end 
of the abducens muscle-mass; when the m. retractor bulbi grows 
forwards and separates off from the m. rectus externus, the nerve 
branches into the two muscles at the j)oint where the former 
crosses the medial side of the latter. The trochlear, as is usually 
the case, arises later than the other two nerves. In Irichoavrua 
it first appears at 8*5 mm. and does not reach the m. oblirpius 
superior until 11 mm., when it penetrates into the postei'ior side 
of the medial end of this muscle. 
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EXPLANATION OP THE PLATES. 


iMtering^ 


(tin. a ali-nasal cartilage. 
cU.p. a ciliary (ganglion. 

Fa. a tbre-bniiu. 
e. a eyeball. 

1 . a lens. 

n.r.V, a naso-ciliiiry brunch of the 
trigeminal nerve. 
o.ittf. a m. obliquus inferior. 
op.r. a optic cup. 
up. 8 . a OptiC'Stalk. 

0.8. M m. obliquus 8 Ui)erior. 


r.h. a in. retractor bulhi. 
r.e. a m. rectus exterjius. 
r.i. a m. rectus iiiternus. 
r.inf, a m. rectus inferior. 
r. 8 , a m. rectus suiwrior. 

III. a oculomotor nerve. 

IV. « trochlear nerve. 

V. a trigeminal tieuvc. 

1 , 5= abduceiiH nerve. 

+ a band of mosoderiuul cells. 


Pla-tb I. 

Tricho 8 um 8 vufpectda. G.L. 0*5 mm. (V. ‘01). 

Fig. 1. Coloured drawing of wax-platc model, posterior view, showing the 
anterior (r.e.% and the posterior (r.A) j>ortionK of the ahduceiis iniiscle- 
iiiass, the primordium of the m. obliquus inferior (o.ia/.) extending down 
from thopostero-latcral corner of the solid mass of mcMiderni representing 
the former head-cuvity. The primordium ot the m. rettus superior (r.«.) 
stretches up above the optic cup from the dorso-hitiM*ul side of the same 
mass. Nerve III. (III.) runt down just in front of the uImIuccuh miiscle 
complex and into the hinder end of the latter runs Nerve VI. (VI.) A 
band of ihesoduniiul cells () is seen to extend out towards the ventral 
border of the eyelid. X 3(10 and reduced by 
2* Anterior view, showing the primordium of the m. ohliquns superior (os.) 
with its narrow prolongation lying anteriorly to the optic cup (o/>.c.), the 
priinordinm of the m. rectus inferior (r.i»{/*.), extending forwards helow' the 
optic stalk from the meilial side of the m. obliquus inferior (o.htf.). The 
primordium of the m. rectus superior (r.s.) is again seen. The iniso-ciliHry 
bmiich (V.) of Nerve V, runs forwards below the m. ohliijunH siqierior. 
/a-lens. The liaiid of mesodennal cells ( + ) extending out to the ventral 
border of the eyelid is again seen. X 800 and reduced by 


Plate II. 

THtf/i08uru8 vulpecula. G.L. 15 mm. 

Fig. 3. Coloured drawing of w'ax-platc model, anterior view, showing the m.ohliqnns 
superior (o.s.), the m. obliquus inferior (o.»w/.), and the m. rectus inferior 
(r.i;^.) from which branches out the m. rectus intornuH (r.i.). Nene IV. 
(IV.) runs into the postero-medial side of the m. obliquus superior (o.#.). 
X 150 and reduced by approximately |. 

4. Posterior view, ahowdng the m. rectus superior (r.s.), the ni. retractor bulbi 

(r.5«) still connected with the m. rectus externus (r.e), and the in. obliquus 
inferior (o.inf.) in which runs Nerve 111. Nerve VI. is sw*!! at the point 
of union of the m. rectus extertius and the ni. retractor bulhi. A faint 
dotted line indicates approximately the line of junction hetwmi the 
m. rectus cxtenius and the ni. retractor bulbi. X 150 and reduced by 
approximately 

5. Ventral view, showing the distal end of the m. retractor bulbi (r.5.) which is 

growing forw'ards round the optic stalk, the m. ohlirjuus inferior (o.ttif.) 
attached to the ali-uasal cartilage (aln.% and the ciliary ganglion (m7.^.) 
lying below the optic stalk. Nerve ill. is seen to run out from the 
m. rectus inferior (r.i/ff.) into the m. obliquus inferior. X 150 and reduced 
by approximately J. 




Cwi||idy ft 'tw. 

ORGAN OF JACOBSON 1 $ fALPA AND OBNTBTUS, 
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25. On ilio Or^nii of Juooli^on nnd its liNdjilions In the 
“ Ins*M*tivorii.”—Pnrt II. Ct'uhtos^ and i^hn/so- 

cllinris. Bv idont. 11. BltooM, M.B., I).Sc., M.Z.S., 

B.A.M,(\ 

[Itoctiivf.l Apnl 27, tOl.',: H.-al M;i\ 11, IDP* J 
(Plates Ill. A IV.') 


Stiiu'tuH' 

Tuifnt, ()l;:siM of .l.H'olisOlJ am 

Ciiiftfi'i Oiy^.m ol ail» 

i'/in/siH i li:jr.in of .I.u hIj'.oh 


\\ lion six \\o(‘lvS Mco I uiHlortook t,lic OK.ainhiat ion of tin* 
Hi’ofan ot tla('ol»M»n anil it.s lolations in Ttffifna and ^I'ifnnnfra^ 
I w.as nun'ely aiiMons to .^oc if ai>rot*il with lA/o/’o.swY/i/rs*, 

and with a'> an at^roioncnt would jL^ixe 

further o\idi‘nco of tlie value <»f this i(‘iiion of the skull ;is a basis 
of elassilieation, and also stiMiiolv .'‘iipjiort tie* nnnov.al of 
srf'lltfrSy ii\u[ allied eiMiera troin the I nseet iv ora and t he 

jd.'iein^od’t Innn in a dislitnM order ^ienotv |»hl,i. As I have showni 
in Part I. of this |ia|»er, V'/^w/a aifrees miI heientIv'closely with 
MiiCi'ascfdbJrH Indh havinu the [*olv]»rotodont Marsupial tvju^ 
of orj^aii—to admit of their hein,ir pl.»e(»d in the .same order; 
whilt* (Hifmnnni wa> shown to have the hi^dier PiUtlnn’ian type of 
origan met with in /w’o/yov»/y.>\ /'rlis, (h'i'ij ;uid all hii'lier f(»nns in 
which the or^an is ivtained. 

When J had finished the .^tiidv^ of liaise two tyjios, I thouirld. 
it W'ould 1m‘ woi’th w'liil(' to look at the eoinliiion in the ahmiaiit, 
Vfrican (lohlmi Moh\ ('lu'itKorhhtris i and as Prof. J. i*. Mill had 
t.wo va*rv fine specimens which I had driven him some vears a<j^o 
a nevv'lv-hiirn f '/(rti^or/tlon's hnttf’nt<t(<i and a sliiihlly oldei i*hr)fsn^ 
rJdaria asiuticn —he v (‘rv kindlv' had the heads st‘clioned so that I 
mii];ht oxamine them. ^Fhe results wert‘ so interest,ini( that it 
was lu'cessary to further with th<‘ researeh. 'Ihrouirh t.he 
kindness of Mr. (Mdliidil 'riiomas, of the llritish Museum, 1 
obtained the snout of a Cf*nffttcs wliich I have i'.\amine<l, and also 
aslult sp(‘ciinons of tht» common mole and shievv. Ih'of, Hill 
very kindly had sectioned for me the head of a very yonn^' 
mole. To these ^'entlemeii. and also to l^rof. Hills lahoratoiy 
assistant, Mr. V. Ihttock, 1 am decjily indebted. 

* Far p\'i»l:iii.itiini <»f llir IMalos ‘jue p. 3 r)|.. 

Phoc. Zool. Sue.— Ml 15, Xo. XXV. 
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Tli^ Organ of Jacobson in Talpa. (PI. III. figs. 1-7.) 

Prof. Kitchen Parker in 1885 figui’cnl a number of sections 
of the nose of the young of Talpa, While these show the general 
structure and relations of the nasal cartilages, they do not clearly 
show the structures in the neighbourhood of the naso-palatine 
canal. 

Though the young mole which I have examined has the 
cartilage in the anterior part of Jacobson's duct imperfectly 
chondrified, the young animal reveals the structures more clearly 
than does the adult in which the bones are so highly ossified and 
anchylosed. 

In the anterior part of the nose there is little worthy of special 
note. One unusual feature is the thinning out and p('rforatioii 
of the cartilage of the septum a short disttince behind the 
plane of the nostril. As the sections of the snout have been cut 
of uniform thickness, the number of the section figured or 
described will indicate the situation of the various features. 
Thi.s anterior perforation of the septal cartilage is between 
sections 19 and 22. 

Immediately behiml the perf 01*11 tion the upper part of tht* 
septum begins to thicken. Fig. 1 represent.s section 30. The 
thick alinasal cartilage is seen curving round and uniteil with 
the thick outer part of the anterior nasal-fioor (»artilage. Outside 
the cartilage is seen the lacrimal duct, and inside, the duct of the 
nas}il glaml. 

From the plane of this last section to section 76, the nasal 
cavity is completely surrounded by c^irtilage. 1'he upper pai t of 
the septal cartilage l)ecomes gmdually more thickened. From 
section 60 a median groove passes upwards into the lower jwirt of 
the septum gradually divitling the cartilage into two. Kig. 2 
represents section 74. Here the lower parts of the median 
cartilage are almost separated from the upper septal cartilage to 
form the recurrent cartilages. The anterior part of the pre- 
rnaxilla is seen ; the bones of the two sides arc not clearly 
separable. 

Three or four sections beyond that sliown in fig. 2 the 
recurrent cartilage is free from the base of the septum and also 
from the lower part of the alinasal. A similar condition <wcur.s 
for about twenty sections. In section 96 is seen the aiiteiior 
pai*t of the naso-palatine canal. 

Fig. 4 represents the condition at section 100. On the left 
aide the duct of Jacobson's organ is seen oi>ening into the canal* 
On the right side, the duct of the organ is seen lying above ami 
slightly to the outer side of the canal. The anterior part of 
Jacobson’s cartilage is seen lying above the duct. The recurrent 
cartilage is well developed. 

Fig. 3 represents section 103, The duct of Jacobson's organ 
is seen immediately above the naso-palatine duct. 

In fig. 5, which represents section 110, the naso-palatine duct 
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is shown to be passing to the outer side of the Jacobson’s duct, 
end Jacobson’s cai-tilage coming to lie on the inner aide of the 
duct. The palatine process of the preinaxilla is seen on one side 
free from the preinaxilla. 

A few sections further back, as shown in fig. 7, which re¬ 
presents section 117, Jacobsons cfirtilage is united with the 
Iowt*r part of the recurrent cartilage, and the njuso-palatiiuj canal 
is seen to have opened into the nasal ca\ity. In the next four 
sections, veins ar(3 seen to pass through tw’o fair-sijsed openings 
in the cartilage about the level of the upper part of the palatine 
process 

In fig. G is re[)rescnted section 126. Here the duct of 
Jacohsoirs organ is just about to open out into the organ proper. 
'Fhe palatine processes form flattened splints on the inner sides 
of the cartilages of ,Iacobson. A portion of the secoinlar}^ palatal 
plate of the maxilla, is seen in f.he section. 

Tlie organ of Jacohson as distinct from the duct exteiuls from 
section 127 to section 178. The specimen examined is too young 
to show clearly tbe arrangement of blood-vessels in connection 
with the organ. Ileyond s<*ction 178 the oigan is continued into 
a glandular <luct, whit’h extends f(»r ten more sections. 

Talpa agm*s with (tipnmmi in having feebly developed 
glaiulular ri<lges; in having praclieally no inferior tui'hinal in 
that ])art of the nose in which is situated the anterior paI't of 
Jaeohson’s organ ; in having the lowei* Iialf of the nasal septnm 
c<Mivert«d into recurrent cartilages: and in Jacobson's organ 
having n long duct in front wdiich opens into tbe anterior end of 
tbe naso-palatiiie canal. It ditftTs in a number of details, such 
as tbe mode of opening of Jacobson's duct, tbe less forward 
e\tensi(»ii of Jacobson’s cartilage, in tbe arrangcineiit of the 
blootl vessels of tbe orgiin, and in tbe better deselopment of 
the i-ecurreiit cartilages. 

There can, however, I think he little douV)t but that Ttdpti is 
allied to (hpunnm and may conveiiieiilly be left in the old 
order Iu.secti\’ora. 

I have made a series (^f s(M:*tions of tbe snout of an adult #9f>rr.r. 
Unfortunately, the specimen was not in the best state of preser¬ 
vation, and, further, the structui-es are so extremely ossified that 
it is difficult to interpret some of the parts, and a young sjiecimen 
will recpiire to be examined before one can speak with any con¬ 
fidence on the aflinities. In certain fesitun^s AS'omr resembles 
CenUtt% even moi-e than it <loe.s Talpa, .and an examination of 
tbe nose of a late hetius would probably reveal some interesting 
facts. 


Tkfi Organ of Jar,ohsoii hi Coutetes. (PI. III. figs. 8 14.) 

Tbe specimen examined w^as tbe snout of an adult CentHes 
ecatiflatm in fairly good preservation. It was sectioned by 
hand. 

In the anterior part of tbe snout tbe median septum is w^eli 
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developed and of about uniform wultli. On passing Iwick, tlie 
upper and middle pari becomes thickened ; then a little further 
back the lower half widens out and becomes di\i<led by a median 
cleft into the two recurrent cartilages, as seen in fig. 8. Though 
in this section the alinasal is seen detached from the re- 
curi’ent cai'tilage, they are seen united a few sections fui’thcr 
forwai'd. If this section be compare<l witli a corresponding 
section in I'alpa^ such as shown in lig. 2, it will be observed that 
though there are many minor difterencos there is considerable 
agreement. Even the somewhat corresponding section which 
I have figured in ihfinnura Avill he seen io agree fairly vrell, 
while the cori*esponding section in Tvpaia will be seen to diilcr 
very greatly. 

On passing a little further back, the septal cartilage becomes 
divided into an n]>per and a lower pjii‘t. The upper jwirt soon 
becomes greatly reduced, and tlien completely lost, while the 
lower part is continued backwards as a rounded cartilaginous rod. 
In fig. 9 the section passes through the anterior pai t of the 
papilla. The recurrent cartilages lie by the hast*, of the septum. 
The upper nasal cartilages are consideiably reduced. 

Fig. 10 represents a section further back. It shows the 
antcM’ior pai*t of the naso-palatine canal. On Ibo one si(h', 
Jacobson\s duct is seen opening into it. At this plane the only 
cartilaginous sup[)ort of the ducts is the anterior e.vtc'nsion of 
the posterior nasal-fioor cartilage. The recurrent cartilage is still 
of large size. 

Fig. 11 represents a secdJoii near the plane where the naso¬ 
palatine canal ojiens into the iins»^l cavity. The recurrent 
cartilage is greatly rcdnc<*d, Jaeobson^s duct is seen supported 
by anterior proc(»sses of Jacobson's cartilage. 

Fig. 12 represents a se(?tion a short dist^tnee behind that shown 
in fig. 11. A small process of the recurrent cartilage is still seen, 
and (juite free fioin Jacobson's cartilage. Jacobson's cartilage is 
united at its outer lower side to the {)osterior nasabfloor cartilage. 
This is a most unusual (‘ondition, and, so far as 1 am aware, is 
only known elsewhere in Procaria. 

In fig. 13 Jacobson's organ and the cartilage are well developed. 
There is a small nasal-floor cartilage still seen. The jmlatine 
processes are large and paitly mof ovei* the organ. Above the 
palatine process is seen the anterior end of the vomer. 

Fig. 14 is considerably fui*ther back. The vomer nearly clasps 
the nasal septum. Jacobson's cartilage rests on the j)alatal jdate 
of the maxilla- The palatal pixwesses, though tliin, are still of 
large size. In this same section, though not shown in the figure, 
is seen a large inferior turhinal supported by a slendei- tnrhinal 
hone, and further up on the outer nasal wall a very well develope<l 
glandular ridge. 

Centetea presents a number of unusual characters. It agrees 
with Gpmnnra and Talpa in that Jacobson’s organ lias a long 
narrow duct which opens into the anterior end of the naso- 
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palatine canal, but differs from both in the anterior part of 
J.*u;()])sou’s cartilage being Jess develo|»od. It differs from both 
in tlie greater deveJopnienf. anteriorly of the inferior turbiiial. 
It resemldes Gijmnvm in liaving a single large ])lood-vessel along 
the outer side of the organ. In tlie Joss of the upper part of the 
Ne])tal Ocartilage, it agrees vvitli Sorex. ] Itnow of no otiier forjii 
besides Genietes iti which the lower ]>Mrt of the sej)tal cartilage is 
ci»inplei<}ly surrounded by tlie vomer, iis it is a little behind the 
plane of Jacobson’s organ. 

Whether (JvnUinR should be placed witli (h/wnura and Talpa 
in the order Insectivora, or placed in a separate order of the 
(jienorhinata, the evidence from the structures in the nose does 
not conclusively show, and it will therefore be w^ell at jiresent to 
lea ve ( \intetes and its allies in a very distinct family or suborder 
of the Insectivora. 

The Ortjan of Jacohsou in Chrysochloris. (Plate IV.) 

1 have examined the organ and its relations in a newly-born 
(^lu'ifsochloris hottentotu , and a somewhat older (^hrtfsocJihjris 
asiulica. The foi nier had a hcad-Jengtli of 12 mm., and the latter 
a head-length of Id nun. 

Fig. 1 represents section 40 of the no.se of the newdy-boin 
Clit'ifsuchloris hoU*ndota, ’flu* median septum is slender; the 
alinasals are very wide. Jn the geiuu'al aiTaiigemcnt of the 
cartilages, and in the mode of opening of the naso-lacriinal 
duct, tlie agreement with Tnpaiu is fairly clo.se. 

Fig. 2 represents seetion 47. It will be nnnece.s.sary in the 
present paper to discn.ss tin* mor[»boh)gy of tlie small c.U't.ilag(‘s 
of till* nasal valve, l»nt tliis section shows a remarkable recurrent 
proce.ss fi'oiii the winter lundcr of the alina,s;d. The only olbor 
mammal 1 know of wliich po.s.M*.s.ses a similar striu'tnre is 
Erhidna, 

In tig. 3, which rc])re.scnts s(»ction 7)5. the most anterior pa it 
of the premaxilla is cut tlimngli. 'Die alinasal is continuous 
with the anterior nasal-iloor cartilage, and a very sharp fold 
jia.sses into the inferior tnrhinal. 

Fig. 4 represents section (U. Here the lower part of the 
preniaxilla is cut acro.ss as well as the lateral. 'Fhe na.sal-llooi 
cartilage is no longei* connected with the aliiiasal. 'Die s(*[)tal 
cartilage show's tlui lirst imiications of .separating into uj^pm-ami 
low'er parts. 

In tig. 5, vvhicli reprc.stmts .section Gb, we see the division of 
the septal cartilage into up|>er ami lower jiarts, and the com¬ 
mencing division of the lower into the two recurrent cni'tilages. 
In this and the previous stations, the great eneroachment on the 
na.sal cavity hy l.he folding of the mucous niemhrane is .seen to 
ht‘ in marked contraAit to the condition seen in Tidpa^ Gyinnura, 
and Centetes. 

Fig. 5, which rejuesents section 8(3, cuts through the first 
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incisors. The preznaxillariea are sending up processes which 
form the bases of the palatine processes. The recurrent cartilages 
resemble oonsiderably those of the Diprotodont Marsupials, 
Trichostmis and Pamdockirvs. 

In fig. 7, which represents section 114, is seen the anterior 
part of the maxilla. Here the recurrent cartilage is even more 
DipiK>todont-like than in the previous section figured. The 
section is through the anterior pai*t of the papilla. 

Fig, 8, which represents section 120, is through the naso¬ 
palatine canal. It will be observed that the canal opens directly 
up into the nose, as in the typical marsupials. Jacobson's 
c^ilages have given ofiT the outer bars. 

Fig. 9 represents section 123, Here Jacobson’s organ is 
seen opening directly into the lower part of tlie nasal cavity. 
This section is strikingly like figures I have given of Jacobson's 
organ in Paeudoohirua and T^ricfiaaurua, 

In fig, 10, which i-epresents section 126, the organ is seen in 
its fullest development. 

A short distance behind this last section a small but well 
chondrified posterior nasal-floor cartilage is developed. The 
cartilage on passing backwards comes to lie underneath the outer 
part of JacoWn's cartilage. 

Figs. 11~13 represent three sections through Jacobson’s organ 
in the young Okryaochhria aaiaiica. Section 11 is through the 
anticrior end of the organ near where it opens into the lower 
part of the nasal cavity: section 12 is through the middle of the 
organ, and section 13 near its posterior end. One of the most 
remarkable characters of the sections is the folding-down of the 
inferior turbinal till it almost forms a secondaiy nasal floor. 
The organ itself is remarkable in having no miter vascular 
plexus nor, as is seen in most Marsupials and in Gymnura^ CerUeAea^ 
and a large vessel ^long the outer side. Further, wliile 

the organ in most maminals has a large gland or numerous glands 
opening into it posteriorly, ChrysocJdoria has mucous glands 
opening into it all along its upper border. 

It will be observed that C^iryaoMoria difiers in the structure 
of this region of the nose entirely from Gynmura^ Tdlpu, and 
Centeteaj and that while it agrees moi'e with Tu^aia and 
Macr 09 fieiideay the afiiiiity is not dose. 


Conduaiona, 

Hie research into the structure of the anterior nasal region of 
the Jnsectivores, even though only a few of the more striking 
types have been examined, shows I think conclusively that 
the ** Insectivora ” is not a natural order. Erinaceua, Oymn%traj 
Tafya^ Sorest and Centetea agree in each having an organ of 
whioh ends 9 , long ducf^ o^iening iut^ th^ PfisQ* 
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palatine canal near its anterior part. Jacobson’s cartilage in 
each passes forwards with the duct, and the njiso-palatiiie canal 
is supported by an anterior process of the posterior nasal-floor 
cartilage. Whatever subdivision may on other grounds be made 
of these Insectivores they all belong to the Ctenorhinata, ainl 
agree with most higher mammals, such ns the Carnivores and 
U ngulates. 

Tnpaia and Macroacelides agree in having a Polyprotodont 
mai'supial type of structure, and cannot have any near aflinity 
with the typical Insectivores, and the order Menotyphla to which 
they belong must be removed far from the Insectivora and 
})lared in quite a diflerent phylum and not far from the early 
Marsupials. 

Chrysochlorts^ which has generally been regarded as allied to 
CenteteSy is seen to be in no way closely related to it. Like 
Tapaitty ChryHochloris belongs to the Archjeorhinata, but it 
cannot belong to the order MenotyiJila. The resemblance of its 
nasal structures to those of the Diprotodont niai’supials is 
puzzling, and until further work is done on the development 
of ChryaochloriSy one must hesitate in discussing its alflnities 
further. 

In 1883 Dobson^, in discussing the affinities of ChryaocIdoriSy 
wi'ote a« follows :—“ The natural relations of the species of the 
family are with the Centeti<Ue, which they l esemble in the form 
of their molar teeth, in the absence of an interorbital constriction, 
in the position of the testes, and in some important myological 
characters; but they also present many most important difier- 
ences .... such as the presence and peculiar development of the 
zygomatic arches, the presence of tympanic bullae, and the very 
diflerent form of tlie male generative organs, characters which, 
while indicating separation at a very remote period from the 
ancestral Centetidw, do not ally them with any other family of 
recent Insectivora.” 

The peculiar structure of the molars has been the main 
character which has suggCNted an affinity with Centetea, But 
we find a similar type of teeth in the marsupial NotorycteSy and 
the similarity in the three genem is probably due to convergence, 
and does not indicate any affinity. 

1 hope shortly to undertake the study of the structure and 
development of the skull, and may l)e able to throw some further 
light on the affinities of Chryaochhria. 

In the meantime I have no hesitjition in removing it from the 
Insectivora, and placing it in a distinct order, for which the 
name Ohrysochloridea, proposed by Dobson, may be retained. 

• A Monograph of the lufiectivonii Systematic and Anatomical, Part II., 1883, 

p. 106. 
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EXHJLNATION OF THE PLATES. 

LeitSiHnff. 

a.J‘,e.y anterior proross of JacoJ>Kon*8 cartilnjire; 6.«., blood-vessel; d.J.o.f duct of 
Jacobson’s organ ; duet of gland leading into JacolHton’s organ ; t7.c., Jwol»- 

son *8 cartilage; J,o.^ Jncolnion’s organ; Lrf., lacrimal duct; maxilla; JVct., 
nasal; n.f,r.f nasal-floor cartilage; n.ff.d., misflUgland duct; u.p.e., naso-|)alatine 
canal; oJb,J,c.t outer bar of Jacobson’s curtilage; jPukj*., premaxilla; ]>alH- 

tine process of preinaxilla; recunmt process of ulinasal; r.c., recurrent 

cartimgo; Fo., vomer. 


Plate III. 

Figs. 1-4. Sections through the snout of Talpa tmrojyea. Young. X 15. 

6-7. Sections through the snout of Talpa curoptea. Young. Showing 
jMCol)son *s dn<*t. X **14. 

8-4), Sections throtigli the snout of Centefes eraialafnx, X 6. 

10- 14. Sections through tin* snout of (Wc/cs entudafus. Showing Jacobson’s 

organ and its duct^ and their relations. X lO. 

Plate IV. 

Figs. 1-7. Sections through the snout of a nowly-horn Chygochloyia hottmioia 
(greatest length 28 mm.). Figs. 1 X lo. Figs. 6 7, X 20. 

8-10. Sections through the paiiillary region of iieuly-horn Chrj/gochloria 
hotientola^ show ing the mode of optuiing ot Jaeobsou’s organ. X **K). 

11- 18. Sections tbrougb the ssiioiit of young Chrtfsoi'hhng agiahea. (About 

half-grown.) X 17 . 
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26. On the Anoniodont Genera, Prisierodon and Tropido- 
stoma. By Lieut. Jl. Bkoom, M.U., D.Sc., U.M.Z.S., 
H.A.M.C. 

[Received April 27, 1916 : Read May 11,191o.J 
(Text-figurea 1-4:.) 


Ikdex. 


Struciurp; Systematic ; 

Ph^c 

J*nsferofion mcka^i 

.‘ioo 

P. ranioep» . . 

;jr>7 

P. otfiUs . 

. M68 

P. hruc/ufojut 

. 368 

Trojiidostoma m icrotroma 

. 368 


l^RISTEkODON MOKAYI Iluxloy. (Toxt-fig. 1.) 

In 1808 Huxl(*y de.scrilK*<l, under the name Fristerodon mchiyi, 
a fairly well-preserved skull of a small Anoniodont reptile. 
Almost; the whole of the right side is shown in good condition, 
and a considerable part of the leftside. There are also associated 
>vil.h the spi'cinien, besides the jaws belonging to the skull, a tew 
other mandibular remains. lluxloy apparently believt‘d the 
animal to be a lizard, as he refei’s to the specimen as a shattered 
lacei-tilian skull, having very much the general shape of that of 
///fync/fumoru^^ being vtiry brojid posteriorly owing to the large 
.‘>ize of the supra temporal fossa, anti tapering anteiiorly.’^ 

'rhe skidl when complete probably measured 87 mm. fi*om 
the snout to the transverse plane of the stjuamosals, and the 
gn*aU^st breadth LS about 70mm. The iiiterorbifal measurement 
is 17 mm., ami the intertemporal measurement 18-5 mm. The 
anlero po-sterior irioasureinent of the orbit is 22 mm. In the 
type-skull there is no tusk, the animal having been a female, but 
a specimen in the Houth African Museum shows a JJicyuOihn- 
lik«» tusk. The maxilla and the mandible have eatdi, as shown 
hy Huxley, a series of small teeth which have high crowns 
remarkable for being smooth in front and having about 8 or U 
rtdativtdy strong deiiticulatious on the posterior side. The exact 
nnmher of teeth appears to vary with age, but in the type there 
appear to be as many as 12 aiianged somewhat irregularly and 
one or two being probably replacing teeth. 

In structure the skull is typically Dicyuodoiit. The frontals 
are large and pass backwards betw’ecn the postfrontals and 
preparietal. The postfixintal is well developed, but in the 
s[>eciuieu it is diihcult to bo quite sure of the sutures of its 
anterior and outer end, but tliey are pj*obably as I have figured 
them, in dotted line. The postorbital is a larger bone wJiich 
forms most of the postorbitiil arch and the whole of the 
inner border of the teuqioml fossa. The preparietitl is long and 
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narrow, and extends back nearly to tbe pineal foramen. It is, 
however, doubtful if it reaches the foramen, the appearances 
being rather in favour of the parietals just meeting in front of 
the foramen and shafting out the preparietal. The parietal is a 
fairly large flat bone. The interparietal is of moderate size and 
forms the upper paH of the occiput. The squamosal is large and 
typically Dicynodont in character. The specimen shows part of 
the quadrato>jugal in front of the lower part of the squamosal. 


Text-figure 1. 



Skull of Pristerodon mckajfi Huxley. Nat. size. 

Left side and snout restored. B.M., U 1810 . 

JFV., frontal ; J.P., interj>arietal; Jia. j’ugal; X»., lacrimal; Mjt., maxilla; Na., nasal; 
Pa., parietal; Pal., palatine; Pm., premaxilla; Po.P., postfrontal; Po.O., 
postorbital; P.P., preparietal; Pr.F., prefroutal; Pt,, pterygoid; P.Vo., 
prevomer; T.P,, transpalatine. 

The lower jaw is not well preserved. As is seen in one of 
Huxley’s figures, the angular has, as in J)icf/nodon, a fan-like 
exf^nsion p^ing inwards and downwards. In front of the 
articulation is a plate of bone passing outwards and forwai^s, 
apparently part of the surangular. 
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Peisterodon raniceps (Owen) *. (Text-fig. 2.) 

Jn 1876 Owen briefly licscribed, inider the name Otxdenodoii 
raniceps^ a small skull and jaws from the same locality, East 
I^ondou, as Huxley’s tj^pe. Owen gives no figure of the specimens, 
but merely describes the skull as follows:—“ The occipital condyle 
is low and bi-oad; the lateral poitions contributed by the 
exoccipitals simulate the Batrachiun double condyle. I'lie supra- 
occipitiil surface is much depressed. The temporal fossa* are large, 
with the long diameter lengthwise. The orbits appear to have 
been small.” 

Text-figure 2. 




Frontul uiul purirtal in Vrhferodon ranivcps (Owrn). Nut. size. 

H.M., U ior,(). 

Lydekker, in his Catalogue of refers tlie specimens 

doubtfully to Udenodon hahii Ow., belifving that they were of 
a young individual. 

It is rather remarkable that both Owen and Lydekker should 
have referred the specimens tt) Ond^tuKlon, s(*eingthat a consider¬ 
able number of teeth are well exposed to view in the lower jaw\ 
The teeth agree closely with those of Pristerodon mckayi, but 
the denticulations are relatively rather coarser. 

The skull is much crushed, but probably measured about 
92 mm. from the snout to the plane across the posterior borders of 
the squainosals, and the greatest breadth is about 80 mm. The 
interorbital measurement is 16 ram. an<l the intertemporal 28 mm. 
The antorbibil poi’tion of the skull appears to be relatively shorter 
than in Pristerodon mckapi. Unfortunately no sutures can be 
clearly made out in the present condition of the specimen, but, 
as will be seen by the figure I give of the parietal region, the 

• (The pareniheses around the names of authors placed after scientific names in 
this paper are used in accordance with Article 23 of the International Eules of 
Nomenclature (Proc. 7th lut.Conir. Iloston, 1907, p. 44 (1912)).— Kditos.] 
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relative proportions of the paats differ very considerably from 
those of the type species. 

In the lower jaw there appears to be a series of 6 teeth with 
some replacing ones. 

Seeing that Owen’s specimen came from the same locality as 
Huxley’s I was inclined to regard them as belonging to the same 
species, but the differences in proportions appear to be suffic^iently 
great to waiTant us at least provisionally in regarding them as 
distinct. 

Pristerodon aoilis (Broom). 

In 1904 1 described, in the Records of the Albany Museum, 
the skull of a small Anomodont found by me at Pearstoii. At 
that time it was not known that Otidcnodon is the female of 
IHcynodon^ and as the Capetown specimen of PrisUrodon mckayi 
is tusked, and the new allied form which I diKcovered being 
tuskless, I placed it in a new genus and called it Opisthoctmodou 
agilis. As, however, the tusk is now known to bo a sexual 
character, this species must he placed in Huxleys genus 
Pristerodwi, 

The skull is much smaller than in P. mckayi and narrower 
relatively, but in most charactei’S it agrees closely, and the molars 
are very similar. 

Pristerodon mckayi and P. raniceps both c‘omo from the 
I^areiasaurus zone, but P. agilis is from the Endothiodon zone. 

Pristerodon beachyops (Broom). 

This species when described was also placed in the genus 
Opisthocienodon. As the crowns of the molars are unknown it is 
impossible to be certain that it belongs to J^risterodoa^ hut it 
agrees sufficiently to admit of its being placed l\ere, at least 
provisionally. It is probably from the Cistecepludus zone. 

Tropidostoma microtrema (Heeley). (Text-figs. 3 & 4.) 

In 1889 Seeley described an Anomodont occiput under 
the name Dicynodon microtrema. The occiput funned pixrt 
of Mr. T. Bain’s collection and was obtained, acconling to 
Mr. Watson, on the farm Tafelberg, in the Beaufort West 
district. In the British Museum there is a good series of 
Dicynodont skull-remains from the same locality, and the 
majority belong, I think tbei-e is little doubt, to the one species. 
Fortunately there are a number of snouts and a few mandibles. 
Both tusk^ males and tuskless females are represented, and 
most specimens show evidence of small molars behind the tusk, 
or caniniform process. The specimens differ considerably in size, 
doubtless due to difference in age, and the differences in dentition 
are probably due to the same factor. There appear to be 
normally four molai's, but as age advances they become reduced 
to three, two, or one, and in old age get comi>letely lost. 
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A small mandible shows the crowns of two teeth in fairly good 
preservation. Tliey are seen to agree pretty closely with those (jf 
Pristerodon, Though the teeth are rather more robust, they are 
really relatively very much smaller. One might incline on the 
evidence of the teeth to place these large sp(*cinjens in the 
genus PrisUrodoa^ but the structure of the parietal region differs 
80 considerably that it is necessary to })lace them in a different 
genus. The snout agrees so closely with Dicynodoa oxcej)t for 
the presence of the molars, that one has to consider whether it 
might not bo possible that all species of Dicynodon had molai's 
wlien young wliich they lost later. This, liowover, is hardly 
possible. Tn no species of Dicynodon have molars ev(*r been 
detected—even wliere the skulls are manifestly of young animals. 
Of Dicynodon jdatyceps we know over a dozen skulls, from small 
ones aiiout 3 inches to others over a foot in length. Hut in none 
is there any trace of molars. Further, the lu'culiar condition of 
tlie intertemporal region found in the present .species i.s unknown 


Text-figure 3. 



I tonus of the frontal and ]mriutal rej^ions of thu skull of Tropulostonta 
viicrotrema (Seulu}’)- About 4 nat. sizu. 

For luiluring i»ec* text-fig. 1, j). 3o0. 

in .any .specie.s of Dicynodon^ We may, therefore, safely conclude 
that Dicynodon inicrotrcnia Heeley must he placed in a distinct 
genus. Another .specimen, figured hy Seeley in 1889, was an 
occiput which ho named Dicynodon {Tropidmioma) duuni. 
Lydekker regarded fhi.s specimen—(piito riglitly, 1 think—^as 
belonging to the .same species as that named D, mici'otrerna. Ami 
if tliis be so we must accept the generic name I'ropUlostoma 
for the type. 

Though there is no complete skull in the collection, one is 
fairly complete, and there are so many snouts, occiputs, and 
other portions, that pnwjtically every detail of the structure can 
be made out. 

The skull, in what appears t.o be an adult male, measures from 
the snout to the plane cutting the po.sterior borders, of the 
squamosals 266 mm., and tiie greatest width across the sciuarnosals 
is about 220 mm. 
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The following are the other principal measurements :— 

Measurement between the canines, 40 mm. to 48 nim. 

Interorbital width, 25 mm. 

Measurement across the nasal bosses, 44 mm. to 52 nun. 

Interorbital measurement, 86 mm. to 38 mm. 

Intertemporal measurement, 28 mm. to 36 mm. 

The premaxilla is relatively narrow in front. It haa the 
usual pair of palatal ridges seen in most Anornodonts. It forms 
much the larger part of the hfird palate, and meeting the fwilatine 
behind shuts out the maxilla from the margin of the posterior 
nares. In the middle line the premaxilla meets the prevomer, 
as shown in tlie figure. 

Texi‘figure 4. 


Pt. 



Anterior palntiil region of Tropuhstomn microtrema (Seelf»y). ^ nat. si/o. 
Showing the relations of the palatal elemeiitn and tooth-socketM behind the caninea. 

B.M., B mi 

For lettering see text^figv 1, p. 350. 

The maxilla is veiy similnr to that of Dicynodon except for the 
presence of molar teeth. With the premaxilla it forms the lower 
border of the nostril, meeting the septomaxilla. Its upper 
border articulates with the lacrimal, which completely sepirates 
it from the nasal. 

In nearly all the specimens of Tropidosiomn microtrenia there 
are seen some molar teeth or tooth ^sockets. In young specimens, 
which are about half the adult sixe, there are four molars, of 
which the first is the largest, and they decrease in size to the 
fourth. The four molars measure 10 mm. Only one specimen 
shows the crowns. These resemble closely the molars of 
PrUterodm^ but those of Tropidmiom^ are rather stouter and 
the denticuJation slightly coarser. In the 1st molar there are 
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probably seven denticulntions, and in the 3rd, five. As Tropido-^ 
eto'ina approaches the adult condition the molars seem to be 
gradually lost. Some specimens show only three, others but two 
or one, and in old age all tnice of even the sockets disappears. 

In those specimens which are regarded as males there is a 
pair of powerful tusks. In the supposed females, in place of the 
tusks are, ns in “ Otfdenodon^^ caniniform processes. One 
s]>ecimen (It 871) is remarkable for having on the right side a 
well-developed tusk, and on the left side no trace whatever of a 
tusk. This specimen is probably the oldest animal of the series, 
an<l I regard it as a female which has developed a tusk on the 
one side. 

The sejitnmnxilla lies within the nostril forming its lower wall. 

The lacrimal extends forwanls between the nasal and the 
maxilla, and meets the septomaxilla. 

The relationshijjs of the Ikuics of the top of the skull w'ill 
best be understoo<l from the <liagnim I have given. The greater 
part of the figure is drawn from specinuui R 8(50, but the anterior 
and posterior portions are from two otlier s|»ecimei)s. Nearly 
every suture is confirmed by more than one specimen. 

The most noteworthy features of the upper side of the skull 
are the presence of thickened bosses on the nasjils, and the 
development (►f tin* jjostorbitjils and parietals into a pair of lateral 
crests with a deep groove lK»tw"een them. 

The palate ha.s already been figured by Lydekker; but as I 
think ho is in error in a iiuml)cr of points, and as the whole 
structure of the antcM ior palatal region is exceedingly well shown 
in specimen U 860, I think it worthy of being figured again, 
^riie great size of the palatal portion of the preinaxilla is .seen and 
the relations of the palatiiu*, transpalatine, and ptervgoi«l hones 
to each other. The prevoiner ha»s its lower border developed as 
a pair of plates. In this Tropkiostomn differs from Dicynodon^ 
and agrees with Kndnthiodon and Emydorhynchna. 

The occiput has been figured and described by Seeley. 
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27. On the Triaswic Stegoceplialians, Brachyops^ Botliriceps^ 
and LydekkeriYiAi^ gen. nov. By Liout. R. Bkoom, M.I)., 
D.Sc., O.M.Z.S., R.A.M.C. 

[Received May 26,1915: Itead June 8, 1015.1 

(Text-figures 1-3.) 
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Buachyops latioeps Owen. (Text-fig. 1.) 

In 1854 Owen described, under the Brachyops hilicfpSy 

tlie skull cif a small Stegocephalian from Mjingali, Central India. 
I’hongh the skull is fairly complete it is very badly weathered, 

Text-figure 1. 



Skull of Brachjfopa laticepa^ about § nat. ai/.c. 

JPr., Frontal j Jtr., Jugal; X., Lacrimal; Jfx., Maxilla; JVo., Naaal; Po., Parietal; 
PwMP., Premaxilla; PoJF*., Pontfrontal; PoO., Postorbitul; Pr.P., iS^frontal; 
P.Pa., Poatparietal; Q.#/’.. Quadratojugal; iSy., Scjuamobal; Supca- 

aquaiuoisRl (Supratemporal); Tb,, Tabular. 

Proc. Zool. Soc.— 1015, Nu. XXVI. 
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and very little can be made out beyond t}>e impression of tho 
inner sides of the upper cranial bones. Very little remains of 
the elements in front of the orbit and practically nothing of the 
tabulai* and postparietal regions. 

The pai'ietals, which are clearly paired, are unusually large and 
have between them a large pineal foramen. The anterior end of 
the parietal is in front of the transverse plane through the 
postorbital margin. 

The frontal is relatively small. Tlie postfrontal and post¬ 
orbital are of about equal size—each a little lai'ger than the orbit. 
The jugal has a very well-developed portion lying between the 
orbit and the quadratojugal and squamosal, and here there h«a 
eviilently been a moderate-sized boss. 

The squamosal is large and the siiprasquamosal only a little 
smaller. The tabular has evidently been small wul the post- 
parieials short antero-posteriorly. 

The occipital region slopes back from the postparietals, and 
the exoccipital condyles are considerably behind the plane of the 
quadrates. 

In the figure I have given, the sutures in line are those seen on 
the specimen; those in broken Hue are from those of the opposite 
side; those hi dot are hypothetical. 

Bothriceps australis Huxley. (Text-fig. 2.) 

In 1859 Huxley described a small Stegocephaliaii from 
Australia, under tho name Bothriceps aiistnUis. Though smaller 
than Brachj/ops IcUiceps it is fairly closely allied to it. Huxley 
gives reasons sufficient to show that it is at least spocdfically 
distinct. The few reasons he gives for regarding it as generic- 
ally distinct are less conclusive. Brachyops has a }>i*oader skull, 
and the eye is placed further forward and more laterally than in 
BothricepSj but in ffhe imperfect state of the specimens no 
chanicters of generic importance (?an be seen to separate the two 
forms. There may, however, be in association witli tlie anterior 
portion of the orbit in Bra/chyops^ some diflerences in relations of 
the lacrimal, or septo-maxillary, or of the sensory grooves, or 
in the structure of the palate, which may l>e sufiicient bo separate 
the types into distinct genera, and in the meantime Bothriceps 
may be rebuned as |K)ssibly distinct. 

The figure given by Huxley shows the sutures as pri^served in 
the specimen. The new figure I give represents a restomtion 
of the skull. As, however, every element of the upper side of 
the skull is shown on one side or the other, there is no element 
in any doubt, and the only sutures concerning which there is any 
doubt are indicated in dotted line. 

The following are some of the more interesting points in the 
structure of the skull. The lacrimal is small, and nearly extends 
from the orbit to the nostril, hut does not reach the border of 
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either. The postfrontal is more than twice tis long as broad. 
The jugal forms the lower margin of the orbit, but much the 
larger part of the bone is situated behind the orbit. The supra- 
squamosal is only about half the size of the s(]uaiuosal. 

The occiput slopes away fi*om the postparietals as in Brachyops^ 
but being much better preserved we can make out something of 
the structure in Boihriceps. The postparietal is well developed, 
and has a considerable ixiit on the occij)ital fispect which articu¬ 
lates with the exoccipital. The tabular is smaller than the 


Text-figure 2. 



Skull of J}othfHcep$ au$trali$, about j iiat. size. 


For lettering see text-fig. 1. 

postparietal, and if only the upper sm^face were seen might be 
regarded as forming a small posterior horn, but the exoccipitals 
extend much behind it, and inferiorly and internally it articu¬ 
lates with what is probably the paroocipital. 

The parasphenoid is large and there are no teeth on it. 
Bre^yopSf Bothriceps^ and Batrctchostichua are allied genera 
forming a very distinct family which may be called the 

26 * 
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Brachyopidse. It is interesting that one shouhi l>e known only 
from India, one from Australia, and the tbinl from South 
Africa. 

Lydekkbrina uuxleyi (Lydekker), gen. nov. (Text-fig. 3.) 

Jn 1890 Lydekker described a small Stegocephalian from the 
Omnge Free State under the name Bothrieepa hxbxhyi^ believing 
the form to be allied to Huxley’s Bothricepa aualralis. Ko later 
worker, so far as I am aware, has doubted the coiiectness of 
Lydekker’s placing it in Huxley’s genus. But as I hope to show 
that the South-African form differs very markedly from Bothri- 
cepa^ and possibly even belongs to a different family, 1 propose 
to establish a new genus for it, which I have much pleasure in 
calling LydekkeAna, after Mr. R. Lydekker, who has so recently 
passed away, and whose work on South African fossil reptiles 
was extremely goml. 

The only known specimens of Lydekkm'ina hwdeyi are four 
skulls, with some portions of the rest of the skeleton, in the 
British Museum, and a number of fairly good specimens in the 
Bloemfontein Museum ; and all were obtained, 1 believe, from a 
locality near Edenburg, O.P.S. 

The skull is alwut a half longer than broad. The orbits are 
moderately round and placed near the middle of the skull. Tlio 
nostrils are large; and thei’e is a very distinct otic notch 
bounded internally by a well-developed tabular. 

The proinaxillariea ai*e fairly well developed and the maxillaries 
are long but very slender. Tl\e septo-maxillary, if developed as 
is probable, is entii*ely inside the nostril. 

The nostril is large, and is sejjarated from the maxilla by the 
lacrimal. 

The lacrimal is veiy well developed, extending backwards from 
the nostril to near the orbit, and having on its inner side t))e 
nasal and prefi-outal, and on its outer the maxilla and jugal. 

The prefrontal is slightly larger than the lacrimal, and fonns 
most of the anterior margin of the orbit. 

The frontal is long and narrow. The prefrontiil is also nariuw, 
and of alK>ut the same length as the frontal. The postorhital is 
broad and slightly smaller than the prefrontal. 

The jngal is long, and in the orbital region fairly wide. It 
lies above the maxilla, and along its upper border are the 
lacrimal, the prefrontal, the orbit, the postorbital, and the 
squamosal. Nearly as much of the jugal lies in front of the orbit 
as behind it. 

The parietal is about as long as the frontal, but slightly 
broader. There is a small pine^ foramen situated between the 
bones, and neai*er to the anterior than to the posterior borders. 

The suprasfjuamosal (supratempoml) lies on the outer side of 
the parietal. It is alx)ut the same size as the postorbital. 
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The scjuaniosal N taiily large. It lies between the supra- 
sqimmosal and the qini li.itojugal, and passes dou iiuaids on the 
anteuoi wall of the otu iiotdi to ined the pteiygoid. 

The quadiatojngal ]& latliei smiller than the scjuainosal. 

The postpaiietil is a sinill quadiaiigtdai bone. On its outer 
side lies the tahulai, whith is piodiued backwaids into what, 
when viewed fromalKive, looks like a little posterioi hoin. 


Te\t-hguie ‘1 



1 If tt( Ull^ •'14 l< \t 1 


The occiput is not sutiitiiently well pre.serviMl in any of the 
speciineiiK to fc?how the sutures, but the general structure can be 
aatisfactorily made out. It diflei's from that of both Bracfiyops 
and Bothricepn in having the condyles relatively small, and in 
their not extending l>ack behind the plane of tlie upper part of 
the postparietals, so that they are not seen when the skull is 
viewed from above. There is a relatively large opening between 
the exoccipital and postparietal on the one hand, and the par- 
occipital and tabular on the other. 

The palate differs from that of Bothriceps in having on the 
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parasphenoid, the prevomers, and the pterygoids, innutnei'ahle 
very minute teeth. In this it agrees with the large South 
African form Rhimmchm. 

The mandible, so far as can be seen in the specimens, agi'ees 
cicely with that of Trimerorhachis^ On tlie lower and outer 
sides can be seen a small splenial in front, with behind it a lather 
larger p^ngular, and behind this latter a large angular. The 
pr^ngular has on its inner side relations to the prearticular 
^d to what is proliably the intercoronoid similar to those of 
Tnmrori^his. The structure of the jaw is best seen in the 
British Museum specimen R 506. 
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28. A List of the Snakes of Madagascar, Comoro, Mascareiics, 
and Seychelles. By (L A. Boiilkngeh, F.U.S., F.Z.S.* 

[Received May 12,1916: Read May 26,191o.J 
Index. 

(iSOOBAPHlCAL: Pa^e 

Madiif?ascar ete., Liist of the SiiakoM 309 

Systematic : 

Ophulia. Keys to the identification of the Snakes of Mnda- 
^UHcar, etc. ... . ;U!9 

TliiK list has been prepared on tlio siuiie lines as the one 
recently published in these ‘ Procee<ling.s ’ t, and likewise with the 
help of Mr. F. Kingsbury and M. G. de \Vitt<\ The rejider is 
referiTMl to tlie previous |Mip<u* for an explanation of tlie terms 
n.sed in the keys to the genera and sj>eeies. 

The fauna of the islands here dealt with is remarkable, not 
only for its very striking differenoe from that of the African 
<*oiitiiient, hut also for the fihscnce of Snakes dangerously 
poisonous to man (E]a[»ine (^%>luhiids, Vij>erids), with the ex- 
c(‘ption of th(» two Sea-snakes which are known from the western 
parts of tJie Indian Ocean. 

^Si/nopsifi of the Families, 

1. Woriiidikc, with miihI) inferior mouth ; liidthni or visible 
under tlie head-sliiolds;* IskIv coveird with uiiitoriu niihri- 
cate scales above aiul heuenth TvpnLorin.*. 

IJ. Mouth larfrc; eyes exposed: body w'lth enlarged shields Inuieath (except in 
Sea-snakes, with strongly coinpiesM>d tail). 

Frontal and parietal shields absent, or broken up into small 

shields . , Hoia.u. 

(Voiital and parietal shields present Colubrid.k. 


Family T y r u l o r i n a:, 

A bingle genus. 

1. Typhlops. 

St'hneid. Hist. Amph. ii. p. 339 ; Bonleng. Oat. Sn, i. p. 7. 

Syiiopsis of iJie Species. 

I. Pneocular present. 

A. Kyes distinct. 

a. Snout roundwl; pneorular not much narmwer than wular; diameter of 
body 36 to 56 tunes in total length. 

Kasai completely divided, the anterior portion extending to 
the upper surface of the head; 20 scales round middle 

of botty . r. hraminus, 

Kasai not completely divided; 20 scales round middle of 

body; pmocular as broad as ocular. T, comoreusis. 

♦ Published by peiiiiission of the Trustees of the ‘British Museum. 

t “ A List of the Snakes of the Belgian and Portuguese Congo, Northern Rhodesia, 
and Angola,” P. Z. S. 1916, p. 193. 
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Nfisal lint coTiiplptely divided; 20 emleii nmnd middle of 

bod\, pneocnlar narrower tliaii ocular 71 microrfpJialns. 

Nasal not oomjdetoly divided; 24 scales round middle of 

both T. mitcronafnt 

h» Snout with obtusely an^ilar horizontal wlge; nasal seim-dnided; pr.e- 
ocular much nartower than ocular. 

Oiameter of l>odv 44-50 times in total length; 20 22 scales 
round middle of bod^ 

I Mamet er of body 89 times in total length; 20 scales round 
middle ot body 

c. Snout with shar]! lioriziintal edg<‘; nasal (Otn- 
pletely divided ; diameter ot lH)d> 52-6B times 
111 total length : 20sealesiimndmi4ldle ot bod>. 

11 . R\es hidden; nasalineomplotoh duuled, dinineiei 
ot l)nd> 46 tunes in total length ; 24 scales lonnd 
middle of bo^ly 

11. Pra‘<M‘uIar absent; e>eB hidden; snout uith Hhatp 
hoii/oiitHl edge: nasal complettdi dnide<l; dm- 
iiietir ot bod\ 71-78 tunes m total length: 20 
M*aleh luund middle of body 

1. T\rilLOI‘fe BttAMINlS 

AV//r hrawiiHts l)an<l. Hist. Kept. vii. p. 1^751. 

Tifphh)))s hamlnita Bouleng. Oat. Sii. i. }>. 1(5. 

Sdutliern Asin ; islands of tlie Indian Ocean ; South Africa ; 
Mexico (probably transjioited by biiiiiaii agency). 

2. Tvpiilops roMOREXSlfi Houleng. Ann. d: Mag. N H ((5; i\ 
1889, p. :561, and t. c. p. 21. 

(‘onioro Islands. • 

TvrnLOPs microc‘kpjialls Werner, Jabresb Yei. Nut. 
Wiirttenib 1\^. 1909, p. (50. 

Madagascai. 

4. TyIHLOPS MtlCHO^ATrS. 

Tt/pJihps {OphfJ*aJmidioH) miicrmtatns B(K*ttg Zool. An/. 1880, 
p. 279, and Abb. Sencbenb. (les. xii. 1881, p. 4^58, pJ i. iig. 1. 
Ti/phlops mna*o)taU(8 Bouleng. t. c. p. t*57. 

Madagascar (Nossi Be). 

5. Typulops noETTOERi Bonleng. t. c. p. 39, pi. ii. fig. (5. 
Madagascar. 

(5. Typhlops DEronsEi Moonunrd, Bull. Miis. Palis, 1901, 
p. 255. 

Madagnscai. 

7. Typhlops abbkarius. 

Onffchocepkalus areitarhis Grandid. Ann. Sc. Nat, (5) xv. 1879, 
art. 20, p. 9. 

Typ}ilop8 arenarinB Bouleng. t. c. p. 49. 

Madagascar. 


T hoettfferi, 

T. decor an. 

T. arcuanua. 

T madagaacaneuati 

T grandvlievt 
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8. Tvphlops madacjascaribnsis Boettg. Abli. Senckenb, Ges. 
xi. 1877, p. 3, pi. i. fig. 1; Houleiig. t. c. p. 25. 

MadagaNCiii* (Nowsi Be). 

9. Typhlops GRANDiDiEiii Mocquaid, Jiull. Mus. Paris, 1905, 
p. 287. 

IVI adagusear. 

Family B o 11 > 

St/nopsh i{f the Genera. 

I. Iltiud distinct from neck : scutes siimoth or uiiicurinate. 

Sculeu MnuH>tli; lubtulK \vith d(iep pitH ... Coraflus. 

Scales smootli; imsiils separated b> small scales; tail short 

siihcuudals) Uoa. 

Scales keeled; iiasuls separated b> u pair of interiiasals; tail long (Iso¬ 
lds subcaiiduls) ... Casarea. 

II. Head not distinct from neck ; scales tri-or (|tuii(iuccaiimite .. . llolieria. 

' 1. Coralltts. 

Diuul. Hist. Kept. v. p. 106; Bouleng. Cat. Sn. i. p. 99. 

1. CoKALLUS MADAQASC’ARIRXBIS. 

Xiphoeoma mmlnga^cariense Duin. ik Bibr. Krp. \i. p. 549. 
GoruUuH'nmdagmcarieneis Boiilrng. t. v. p. 103. . 

Madagascar. 

2. Boa. 

Linn. Hyst. Nat. i. ji. 373 ; Bouleng. Cat. Sn. i. p. 116. 

'Fwo species : 

11-10 wales mind the eye; scales in 59-65 rows Ji. dumerilii. 

6-9 sejilen round the eye ; wales in 09-77 row's . . B. madagascariemsis. 

1. Boa DUMERfLIJ. 

Acrantophis duinerili Jan, Jeon. (Jen. p. 83, 1. 1, pi. ii. 

Una dameHUi Bouleng. t. e. p. 120. 

Madagascar. 

2. Boa madagascariensis. 

J^elopJiUus madaga'Seariensis Dum. k Bibr. Erp. Gen. vi. p. 524. 
Bo(i madagctscai^ieims Bouleng. t. e. p. 120. 

Madagascar. 

3. Cabarka. 

Gray, Zool, Miscell. p. 43; Bouleng. Cat, Sn. i. p. 121. 

1. Casarea dusbomieri. 

Boa dus^amkri Scbleg. Pbys. Serp. ii. p. 396, 

Cmarm dassumieri Bouleng. t. c, p. 121. 

Hound Island, near Mauritius, 
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4. Boliekia. 

Gray, Zool. Miscell. p. 46; Houleng. Cat. Sn. i. p. 121. 

1. BoLIERIA MULTICARINATA, 

Eryx mxdtocariwUOi Boie. Isis, 1827, p. 513. 

Holier kb multicarinata Bouleng. t. c. p. 122. 

Hound Island, near Mauritius. 

Family C o m b R11> .t?. 

Aglypha, 

Synopsis of the Genera, 

I. Pupil round; scales Kmooth (Madagascar and Comoro Islands). 

A. Body cylindrical; scales not oblique. 

1. Snout rounded; amil divided. 

a. Eye modorato or rather large; nostril l>etween two nasals; subcaudals 


6o<-l(K); scales in 17 or 10 row*s. 

Head short, not or but scarcely distinct from neeb; frontal 

not narrower than supraocular .. PoJi/oJontnphU, 

iri*ad nioclorately elougab*, distinct fnnn neck; frontal not 

narrower than supraocular, UMually shorter than parietals . Tropidouofint. 

Head elongate, distinct from tieck ; frontal, in the middle, 
narrower than sujiraoculnr, its length not loss than that of 

parietals. Droti^ivodrj/as, 

b. Eye rather large; nasal single; scales in 10 rows; 

subcaudals 41 . Compnophin, 

e. Eye small; scales in 17 to 25 rows; subi'andalh 35 to 64. 

a. Lorcal present. 

Nostril between the nasals and the iiitemasal; frontal nearly 

twi<M9 as long as broad . Jbiophidivm. 

Nostril between the nasals; frontal not more than once a)Ml a 

half as long as broad . ... Ptteiuioxifr/wpnt, 

Loreal absent. 

Nostril between the nasals and the internasal; frontal a little 

lonTOr than broad; ventrals 221'255 . IdiopIn$. 

Nostril between the nasals, ^frontal a little broader than long; 

ventrals 168 . Para rhit din fra, 

2. Snout pointed, strongly prq|ecting; rostral very largo, 

trihedral; scales in 21 or 23 rows; anal entire . Lhhetrrodon, 

3. Snout depressed, with horizontal edge; scales in 17 

rows; anal divided . Jlelcrtdiodon. 

B. Bod}' slightly compressed; scales narrow, oblique, in 

17 rows . Mieropinthodon. 

IL Pupil vertically elliptic; body cylindrical (Seychelles and Mascarene Islands). 

Scales keeleil, in 17 rows; no loreal. J^pcognathophia, 

Scales smooth, in 21 or 23 rows . Bottdon. 

Scales smooth, in 17 rows . . J^codon, 


1. PuLYODONTOPHIS. 

Bouleng. Faun. Incl., liopt. p. 301, and Cat. Bn. i, p. 181, 
Three species:— 


I. Scalee in 17 rows. 

Loreal deeper than long; frontal much shorter than parietals... P, rhodogaster^ 
Loreal as deep as long or longer than deep; frontal but slightly 

shorter tkan panetals . P. torqnat^a, 

n. Scales in 19 rows ... P, magontnbHf, 
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1. POLYODONTOPHIS RIIODOGASTER. 

Herpetodrycts rhodogaster Schleg. Phys. Sorp, ii. p. 193. 
Polyodontophia rhodogaaier Boiileng. Cat. 8n. i. p. 182. 
Madagft^car. 

2. POLYODONTOPHIS TORQUATUS. 

CoroneUa torquata Bouletig. Ann. k Mmct. N, II. (G) 1888, 
p. 103, pi. V. fig! 3. 

Polyodontophia iorqimtua Bouleng. Cat. Sn. i. p. 183. 
Madagnscar. 

3. PoLYODONTOPIllS MAYO'ITEXSIS. 

Ahlabea rhodogaster^ var. mayoitenaia Peters, Mon. Berl. Ac. 

1873, p. 793. 

Polyodontophia vuiyottensia Boiilong. (lat. Sn. i. p. 183. 
Mayotta, Conion* Islands. 


2. Tiiopidoxuttjs. 

Knlil, Bull. Sc. Nat. ii. 1824, p. 81 ; Bouleng. (!at. Sn. i, 
p. 192. 

Luqdiolidophia Mocquard, Bull. Mus. l\iris, 1904, p. 302. 


Synopsis of the Sj)€cies» 

I. S<!a]ofl in 17 rowr*. 

Hostriil iieurlv an broiul ati deop; o,>e rather 'iinall; HuhenndtiU 
72-ir,2 ‘ ... 

ISostral much broader than di‘ep; eye rather larjfo; sub(%'iudu)s 
97"lfl(). .... 

Uohtriil twice aa broad aH deep; aubcHudulb 221 . 

II. Scales in 19 rows; aubaiudals 68-104. 

Frontal once and a half ns lonj^ as broad . 

Frontal once and two-thiixls to twice u» lont? as broad .... 


T. 

T, doUchoeerms, 
T. ffraudidieri, 

T. sfumpjfii. 

T. iatcruliif. 


1. Tropidoxotus SEXLINEATUS. 

JJi'omictis aexlineatua Giintli. Ann. k Mag. N, II. (3) ix. 1882, 
p. 2G4, fig. 

7Vopido7iotns aexlineatna Boulcr.g. t. c. p. 240. 

Madagascar. 

2. Tropidoxotus dolichoceucus. 

Promicua dolicocerena Pemcca, Boll. Mus. Torin. vii. 1892, 
no. 112, pi. i. fig. i. 

TropidorhoPaa doliehocef'cna Bouleng. t. c, p. 240. 

Madagascar. 

3. Tropidokotus graxdidierx. 

Liophdlidophia grandidieri Mocquard, Bull. Mus. Paris, 1904, 
p. 304. 

Madagascar* 
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4, Tropioonotus STUMPFPII. 

Dromiem stumpfii Boettg. Zool. Anz. 1881, p. 358. 
l^ropidonotua stvmpjffii Bouleng. t. c. p. 247. 

% ImphidAvm graMe Mocquard, Bull. Mus. Paris, xi\'. 1908, 
p. 261. 

Madagascar. 

5. Tropioonotus lateralis. 

Leptophis latercdis^ part.^ Dum. & Bibr. Erp. (Ion. vii. p. 544. 
IVopidonotua laUrcdis Bouleng. t. c. p. 248. 

Madngnacar. 

3. Dromicodryas. 

Bouleng. Oat. Sn. i. p. 189. 

Two species; — 

SnbcRudalH 81-117 ; usnally two Ujrlit dorsal Htnpes . 1). hernifri. 

Subcaudalfi 108-122; four bbick dorNal stripOK .... 1). tfnndrilineatuB. 

1. Dromicookyas BERNIERI. 

H&ipttodryoA hernierii Dum. ife Bibr. Erp, Don. vii. p. 211, 
pi. Ixvi. 

J)r(nnicodryas Immieri Bouleng. t. c. p. 189. 

Madagascar. 

2. Dromicodryas quadrilineatus. 

Herpetodrym quadrilinefUifa Dinn. <fe Bibr. t. c. p. 212. 
Ihromicodrym quadrilineatus Bouleng. t. c. p. 190. 

Madagascar. 

4. OOMPSOPHIS. 

Mocquard, CR. Soc*. Philoiu. 1894, no. 17, p. 8. 

1. OoMPSOPHis albivbntris Mocquard, 1. c. 

Madagascar. 

5. Liophidium. 

Bouleng. Cat. Sn. iii. p. 598. 

1 . Liophidium trilinsatum Bouleng. t. c. p. 599. 

Madagascar. 

6. PsEUDOXYRHOPUS. 

Giinth. Ann. k Mag, N. H. (5) vii, 1881, p. 359; Bouleng. 
Oat. Bn, i. p. 314. 

Bhabdotaphis Werner, Jahresb, Nat. Ver, Wiirttemb. Ixv, 
1909, p. 58. 
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Seven species:— 


I. Scales in 2r> rows; loreal twice as long as dcM>p; frontal 

nearly as broad as long . p, niicropt. 

II. Scales in 21 rows. 

8 upper labials, 4tli and otb entering eye; rostral just visible 

from above . . P. hetcrurus, 

8 upper labials, 4tli and 5th entering eye; portion of rostrul 
visible from above at least half as long as its distauGe 
from the frontal . p. tjuhu/uefhwttias, 

7 upper labials, Si-d and 4th entering eye . P. amhrecMis. 

III. Scales in 19 rows . P. imerhue, 

IV. Scales in 17 rows. 

Rostral broader than deep; ventrals 183; subcaudals 04 . ... P. occipitalis. 

Rostral deejier than broad; ventrals 107; suheaudals 37 . P. subcatidalis. 


1. Pseuik)Xyrhoim:s microps Giintli. Ann. & Maj?. N. H. (5) 
vii. 1881, p. 359, fig.; Bouleng. t. c. p. 315, & iii. p. 613. 

Psendoxijrhopm dnhlas M(KM|uar(l, Bull. Mus. Paris, 1904, 
no. 6, p. 305. 

Ma(laga.scar. 

2. PSEUDOXVRHOPUS llETERURCS. 

Homcd>oce 2 )halm hetcriu^as Jan, Arch. Zool. Anat. l^hvs. ii. 
1863, p. 286. 

pHe.mlox^p'hojniH hsteruruit Houlong. Cat, »Sti. i. p. 315. 
Madagascar. 

3. PsEunoxYRnopus quinquelineaits. 

Liophis qHivqndineatna Guntil. Ann. & Mag. N, H, (5) vii, 
1881, p. 359, fig. 

Psetfdoxy^diojms qninqvelineatm Bouleng. t. c. p, 315. 
Madagascar. 

4. PSEUDOXYUTIOPUS AMBREENSis Mocquard, Cil. Soc. Philom.. 
1894, no. 9, p. 4 ; Bouleng. Cat. Sn. iii. p. (513. 

Madagascar. 

5. PSEUDOXVRUOPUS IMERIN.E. 

Liophis hneinnce Giinth. Ann. k Mag. N. II. (6) v. 1890, p, 71. 
Pse^idoxtfrhopm imerinw Bouleng. Cat. Sn. i. p. 316. 
Madagascar. 

6 . PsEUDOXYRHOPUS OCCIPITALIS Bouleng. C-at. Sn. iii, p. 613. 
Madagascar. 

7. PsEUDOXYRHOPUS SUBCAUDALIS. 

Rhahdoiophis suhcaiididiB Werner, Jahresh. Xat, Ver. WUrt- 
temb. Ixv. 1909, p. 58. 

Madagascar. 
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7. iDiorniB. 

MocM]uard, Bull. Mus. Paris, 1901, p. 252. 

1. Idiophis vaillanti Mocquard, 1. c. and Bull Soc. Philom. (9) 
iv. 1902, p. 14, pi. i. iig. 3. 

Madagascar. 

8. PARARUADINiBA. 

Boettg. in Voeltzk. Keise Osfcafr. iii. p. 32»^. 

1. Parabhadinasa melanoqastbr Boettg. t. c. p. 32(1 
Madagascar (Nossi Be). 

9. HirrEROLioDON. 

Boettg. ill Voeltzk. Rcise Ostafr. iii. p. 313. 

1. Hbteroliodon torquatus Boettg. 1, c. pi xxvi. fig. 4. 
Madagascar. 

10. Lioiietbrodok. 

Dum. & Bibr. Erp. Gen., Atlas, pi Ixix.; Bouleng. Cat. Sn. i. 

p. 268. 

Three species: — 

ScaleH in 23 rowH: vnitralH 209-216; prftsfrontalsKeparntiuf? 

inteniabals from frontal. i. mada{fa»cnrivn$i 9 . 

Scaled ill 23 rowa; veiitraU 191-lOi; intcriuMals in contact 

with frontal. X. gea^, 

Sculeft ill 21 row’s; vcntrals 159-170; interuasalh in contact 

with frontal. X. modewtus, 

1. LioHETERODON MABAOASCARIBNSIS. 

Heterodati riiadKx^astxtg^ienM Dum. Bibr. op. cit. vii. p. 776, 
pi Ixix. 

Lioheterodon Tmdagascariemia Bouleng. t. c. p. 269. 
Madagascar. 

2. Lioheterodon okayi Mocquard, Bull. Mus. Paris, 1905, 
p. 289. 

Lioheterodon voeUzkovii Boettg. in Voeltzk. Beise Ostfifr. iii. 
p. 313, pi. xxviii. 

Madagascar. 

3. Lioheterodon modestub. 

Heterodo^i inodeaim GUnth. Ann. & Mag. N. H. (3) xii. 1863 

p. 366. \ > 

Lioheterodon modeetvs Bouleng. t. c. p. 269. 

Madagascar. 
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11. MlCllOPISTUODON. 

Mocquard, CR. Soc, Pliilom. 1894, no. 17, p. 7. 

1. Micropistjiodon OCHllACEDS Mocqu.'ild, 1. c. p. 8. 
MadagfiSCiir (Nossi Be). 


12. Lycooxatuopiiis. 

Bouleng. Cat. Sii. i. p. 317. 

1, Lyc'ognathophis sechellknsis. 

Psavimophis aeychelUnsis Sclileg. Phys. Sei p. ii. j). 212. 
Lycogtwthophis sechdhnsia Bouletig. t. c. p. 317. 
Seyehelles. 


13. B(K)Don. 

Dum. & Rihr. Mem. Ac. 8c. xxiii. 1853, p. 4(>(); Bouleng. Cat. 
Sn. i. p. 327. 

1. BoODON OKOMKTRIf'UH. 

Lycodon yeometriem Sehleg. Pliy«. S(‘rp. ii. p. IIK 
ISoodon yeoimtricHS Bouleng. i. c. p. 329. 

Seychelles. 


14. Lvoodox. 

Boie, Isis, 1827, p. 521 ; Bouleng. Cat. Sn. i. [i. 348. 

1. Lycodon aulic;us. 

('offiber aidicHs Linn. Mus. A<1. Fri<l. i. p. 29, pi. xii. fig. 2. 
Lycodim mdiciiH Btjuleng. t. c. p. 352. 

J ntrodiicod in the Mascarene Islands. 

Opisthoglypha. 

tSiftiopsis of the Gemra» 

1. Prirfroiital not in contact with the upiicr labials; a lureal bcjarnting the nasal 
from the pra^ocular. 


A. Pupil round. 

Scales in 19 rows; tail niodeinte or short (subcaudals 31-7(1); anal 

entire . . .. Geodipsas. 

Scales ill 21 rows; tail long (subcaudals 121-175); anal divided; 

loreal once and a half to thrice as long a.s deep. Ithycyphus. 

B. Pupil vertically elliptic. 

1. Body cylindrical. 

Scales keeled, in 19 rows ; snout ending in a long appendage . Langaha. 

Scales keeled, in 25 row's; subcaudals single . AUmudina. 
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Scales smooth, in 2& to 29 rows; eye separated from the labials by 

suboculars . Etcirodiptai, 

2. Body compressed; scales smooth, in 17 to 26 rows. 

Snout rounded. Stenophin, 

Snout much depressed, broad, truncate..... Itjfcodrpas, 

11. Pnefi-oiital in contact with upper labials, separating the 
loreal from the pneocular: nasal entire or seniidivided; 
scales in 17 rows. Mimophis, 


1. Geodipsas. 

Bouleng. Cat. 8u. iii. p. 32. 

Two species:— 


A single loreal; veutrals 172-'!K9; subcaudals 66-‘76 . infralineata. 

Two Buperpo6e<l loroals; veutrals 137; subcainlals 31 . O. houlcngcri. 


1. Geodipsas iNFRAUNEATA. 

Tachynienia infralineatm Giintli. Ann. & Mag. N. H. (ii) ix. 
1882, p. 285. 

GeodipgcbB injrcdineata Bonleng. 1. c. pi. iii. %. 1. 

Madagascar. 

2. Geodipsas BouLExaEKi. 

Tachymenw boulengerl Pemcca, Boll. Miis. Torin. vii. 1892, 
no. 112, p. 3. 

Geodipsas houlengeri Bouleng. 1. c. 

Madagascar. 


2. Ithycypiius. 

Giinth. Ann. Mag. N. H. (4)xi. 1873, p. 374 ; Bouleng. Cat. 
Sn. iii. p. 34. 

Two species:— 

Prasocular in contact with frontal; loreal twice to thrice as long as 


deep; three postooulars. . 1, goudoti, 

Ihrasocular not reaching frontal; loreal once and a half to twice as 

long as deep; two (rarely three) postoculars. I. mimatut. 


1. Ithycyphus goudoti. 

Herpetodrym goiidoti Schleg. Phys. Berp. ii. p. 187. 
Ithyeyphus goudoti Bouleng. 1. c« 

Madagascar. 

2. Ithycyphus miriatus. 

Cahiber mmuaus Schleg. t. c. p. 148, 
lihyeypkus miniaim Bouleng. t. c. p. 35, 
Madagascar; Comoro Islands. 
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3. Laxoaha. 

Brugui^ro, Joiirn. de Phys. xxiv. 1784, p. 132; Boiiicng. Cat, 
Sn. iii. p. 35. 


Sympsia of the Specks, 


I. A single snpraocttlnr; rostral appendage pointed. 

Postral appendage at least twice as long as snoot, onsiform, not 
serrated 

Kobtral appendage once and a halt to once and tno-thnds as long 
as snout, tapering to a sharp point, and serrated aboxe at the 
end 

Kostral appendage not more than once and a halt as long as snout, 
serratra above and beneatli 

II. Three supraoculars. in addition to an erect horndike scale 
above the e>e, iostial appendage not mneh longei than 
aiiout, very obtuse, groov ed beneath 


X iumita. 


Ij intirmfidirt. 
JL. crihta-qaUt 


h alluttndi. 


1. Lanoaha NASIITA Sliaw, Nut. Misc. xxii. pi. cinlxviii.; 
Bonloiig. t. 0 . p. ili). 

Madngasoar. 

2. LAbctAiiA iNTKitMKOiA Bouleiig. Aun. k Mag. N. il. (G) i. 
1H88, p. 105, pK V. %. G ; and t. c. p. 37. 

Madagnsoar. 

3. Lanoaha crista galu Ihuiu A Bilir. Krp. Cen. \iu ]\ 806, 
}»1. Ixxi.; Boulong. 1. c. 

Madagascar. 

4. Lanoaha allx^audt Moequard, Hull, Mus. Paris. 1901, 
p. 253. 

Madagascar. 


4. AlkLUAbDINA. 

Mocqnard, CR. Soc. PhiKnn, 1894, no. 17, p. 0; Bcmleng. (’at. 
Sn. iii. p. 38. 

1. Alluaijdina bbli;\i Mocquaixl, 1. c.; Bonlong. I. c. 
Madagascar. 


I*. ErsiRompsAs. 

Jan, Elenco sist. Odd. p. 105; Bouleng. C«it. Sn. iii. p. 38. 

1. EtBIRODIPSAS COLUBRINA. 

Dipam oolubrina Sclileg* Phys. Serp. ii. p 273* 
JUteUrodipsas eolubrina Bouleng. t. c% p. 39. 

Madagascar. 

Proc. Zool. Soc.— 1915, No, XXVII. 


27 
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6. Stbnophis. 

Bouleng. Cat. Sn. iii. p. 39. 

Synoima of the Species, 

I. Scales in 17 or 19 rows j internasals mnch shorter than the prsefrontals. 

^ A. Scales in 17 rows; rentrals 187; subcaudals 67 pairs... 8.ffue»tkeri. 
B. Scales in 17 rows; vontrals 228-276. 

Posterior chin-shields a little shorter than the anterior and in 
contact with each other; ventrals 229-248; snhcaudals 


KQ-125j all or greater part in pairs. S. granulieept, 

OHterlor chin-shields longer than the anterior and in contact 
with each other; vontrals 228; subcaudals 110, greater 

part in pairs . 5. inomaUm, 

osterior chin-shields shorter than the anterior and separated 
by scales; ventrals 255-276; subcaudals 93-110, all or 
gieater part single . N. gaimardii, 

C. Scales in 19 rows; ventrals 248; subcaudals 126, single, maeulatuM, 

II. Scales in 21 to 25 rows. 

A. Internasals much shorter than the pvafifrontals; scales 

ill 21 rows; ventrals 173; subcaudals 167 pairs. 8, Imgieauda, 


B. Internasals nearly as long as, or a little longer than the prwfrontals. 

1. Loreal separated from the ey© by the pneocular; subcaudals 152-159, 
single. 


Posterior chin-shields largo and in contact with each other; 

scales in 21 or 28 rows; vontrals 225-286 . 8. arcdfaBciatus. 

Posterior chiu-shields very small or absent; scales in 23 or 25 

rows; vontrals 251-'265 ... 8. vaviabidi, 

2. Loreal entering the eye ; scales in 23 rows; ventrals 

226; subcaudals 106 pairs. 5. hetBileanm, 


1. Stbnophis guenthkbi Bouleng, t. c, p. 40, pi. iv. fig. 1. 
Madagascar. 

2. Stbnophis oranuliceps. 

Dipsos (Jleterurus) goimardi, var, gramdiceps Bocttg. Abh. 
Benck. Ges. xi. 1877, p. 14, pi. i, fig. 3. 

Stenophis granuUeeps Bouleng. t. c. p. 41. 

Madagascar. 

3. Stenophis inornatus Bouleng. t. c. p. 42. 

Madagascar. 

4. Stbnophis oaimardii. 

Dipsos gaimmdii Schleg. Phys. Sei»p. ii. p. 293. 

Sietiophis gaimardii Bouleng. t. c. p. 42. 

Madagascar; Conioix) Islands. 

6. Stbnophis xaculatus. 

Dipsadoboa maotdcM Ounth. Cfe-t, Cd. Bn, p. 183. 

Stmiopkis maculotm Bouleng. t, c. p. 43, pi. iv. fig. 2. 
Madagascar (?). 
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6. Stenophis LONOICAUDA Boofctg. in Voeltzk. ReLse Ostiifr. iii. 
p. 315, pi. XXvi. fig. 7. 

Madagascar. 

7. Stbsophis arotifasciatus. 

Heterurvs aretifasciatus Diim. tfe Ribr. Erp. Gen. vii. p. 1176. 
Htenophis arctifmclatm Houleiig. t. c. p. 43, 

Ma(]agascar. 

8. Stenophis variahilis Bouleng. t. c. p. 43, pb iv. fig. 3. 

Mafia gascar. 

9. Stenophis betsileaxtts. 

Dipaaa heiaileaym Gunth. Ann. Mag. K. IT. (5) vi. 1880, 
p. 238. 

Stenophis hetsileanus Houlcng. fc. c. p. 44, pi. iv. fig. 4. 
Madagascar. 


7. Lyoodhyas, 

Giintli. Ann. & Mag. N. H. (5) iii. 1879, p. 48; Boiilcng. Cat. 
Sn. iii. p. 44. 

1. Lyoodryas sa\cti-j<hiaxnis Guiiili. 1. c.; Boulong. t. c. 
p. 4»5, pi. iii. fig. 2. 

Comoro Islands. 


8. Mimophis. 

Gunth. Ann. & Mag. N. IT. (4) i. 1868, p. 421 ; liouleng. Cat. 
Sii. iii. p. 171. 

1. Mimophis M All faLKNS is. 

Psavimophis makfalensis Granilid. Rev. et Mag. Zool. xix. 
1867, p. 234. 

Mimophis mahfalensls Bouleiig. 1. c. 

Madagasctir. 

Protaroglypha. 

(Sea-Snakes, with oar-shaped, compressed tail.) 

Two genera:— 


No distiuct veiitrals; frontal at a« long as snout ....... . Ifjf dr us, 

VentraU distuict, but very small; frontal shorter than its dislaiice 

from end of snout. Enhjfdrina. 


27* 
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1. Hydros. 

Schneid. Hist. Amph, i. p. 233; Bouleng. Cat. Sn. iii. p. 266. 

1, Htdbus platvrvb. 

Anguia plaAura Linn. S. N. i. p. 391. 

H^rua platurua Bouleng. t. c. p. 267. 

Indian and Pacific Oceans. 

2. Enhydrina. 

Gray, Cat. Sn. p. 47; Bouleng. Cat. Sn. iii. p, 302. 

1. Enhydrina valakadibn. 

Hydrita valakadyn Boie, Isis, 1827, p. 554. 

Enhyd/rina valakadien Bouleng. 1. c. 

Indian Ocean, eastwards to Papuasia. 
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29. On a Blood-sucking Gamasid Mite {IcUoronysmt ter- 
pentium, sp. n. ?), parasitic on Cooper’s Snake. By 
Stanley Hirst, F.Z.S.* 

[Received April 30,1016: Read May 25,1016.] 

(Text-lSgures 1 & 2.) 

It is quite probable that the species dealt with below is identical 
with that to which Gervais gave the name Dermanyssus natricis 
in the year 1844, but as there is some doubt on this point, 1 am 
describing it under a new name. Gervais says very little about 
the structure of his species, and the only account of it which is 
at all complete is that written by Paul Megnin in 1884, who 
created a new genus {Ophionysam) for it. References to several 
earlier papers and works in which this parasitic mite is mentioned 
are given in Megnin’s paper. Unfortunately he makes a serious 
mistake in his description, stating that there is no ventral plate 
(plastron) on the lower surface of the body, and that the 
** oviducte” has the form of a longitudinal slit. It is quite clear 
that he mistook the narrow genito-ventral plate for the genital 
opening itself. In reality, the genital aperture is quite normal 
in ap}>eai*ance, being transverse and protected by the usual deli¬ 
cate chitinous flap or operculum, which is joined posteriorly to 
the geiiito-ventral plate. Ophionyssus natricis is mentioned by 
G. Canestrini in his * Prospetto dell’ Acarofauna Italiana,’ and 
also by Prof. Antonio Berlese in his well-known work on the 
Acari, etc. of Italy; but these authors did not have the oppor¬ 
tunity of examining specimens, and the latter expresses doubt as 
to the validity of tiie genus, rightly considering it as probably 
identical wdth Leiognatkiis Can. [^slchoronysstis Kolenati], 

It may be of interest to note that, in having two dorsal shields 
and also minute intermediate platelets, the adult females described 
below present a strong resemblance to the protonymph stage 
of certain other species of Ichoronyssus (for instance, to that of 
/. bacoti mihi). 


Genus Ichoronyssus Kolenati. 

Dermanyssm (ad |)art,) Gervais, in Ins. Apt. iii. p. 223 (1844); 
Ieh 4 rrony 8 m 8 Kolenati, Wien. ent. Monatschr, ii. p. 5 (1858); id. 
Site. K. Aknd. Wiss. Wien, xxxv. p. 173 (1859); Ophwuyssus 
Megnin, Bull. Soc. Zool. France, p. 109 (1884); Ophimyssm-^- 
L^ognaihua G. Canestrini, jn Prospet. Acarof, Itai; part i. p. 121 
(1885); Liponyama of some recent authors, but probably not 
that of Kolenati. 


* Patliabed by permiBsioti of the Trnetees of the British Museum. 
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ICHOBONYSSUS BERPENTIUM, Sp. H. ? 

$, Body long oval in shape. Dorsal surfaee furnished with 
numerous hairs, which are not very long and are distinctly 
curved; apparently the fine little offshoot or hair present near 
the end of the hairs of certain other species of JchormiysmB (for 
instance, on those of /. hacoit) does not occur on the hairs of this 


Text-figure 1. 



B^rpentiu^t ?. Vpntral vienr. 


species. There are two dorBfd ehields^ tiie anterior one being 
comparatively large (length *3 mm., width *27 mm.), but the 
posterior one, which is situated far back near the hinder end of 
the domil surface, is very small and inconspicuous. Outline of 
pttUerior shield shaped almps^ like that pf a lempn; twenty hairs 
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are present on its surface, six pairs practically forming a longi¬ 
tudinal series running down the middle and four other hairs 
being placed on each side, thi*ee of these lateral hairs being 
marginal. The minute posterior shield is not provided with 
any hairs, but one or more pail's of minute jnmctations, which 
may possibly represent the sockets of hairs, occur on it. 
Oil each si<le of the dorsal surface, a little behind the anterior 
shield, there are two distinct but very minute platelets, and 
they are followed posteriorly by alxiut fom* very inconspicuous 

Text-figure 2. 



Ichoronystm svrpentiwHj ? , Domul 


(obsolete) linear platelets, ananged in a longitudinal series. 
Numerous hairs are present on the posterior part of the 
ventral surface, but they are shorter than those on the dorsal 
surface. Sternal plate trapezoidal in shape, being much wider 
than long and' furnished with only two pairs of hairs. Genital 
aperture normal in situation and appearance; it is protected by 
the usual thin membranous operculum. Genito^entral plate long 
and very narrow, the hinder end being sharply pointed. Anal 
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plate pear-shaped, and it has the three usual hairs on its surface, 
slender and rather short; it reaches a little further 
forwards than the coxa of the third leg, Fingers of chelioera 
short, and apparently without any trace of teeth. Lege, First 
leg the longest, and the fourth leg also long, the legs of the 
second and thii^ pairs being shorter, Yentri^ surface of coxie 
without any strong spurs, only fine setse or hairs being present. 
There is, however, a very slight projecting spinule at the distal 
end of the inner surface of the coxa of the first leg. 

Length *9 mm. 

Colour (in spirit) reddish brown. 

Material, Five female examples found on a Cooper’s Snake in 
the liondon Zoological Gardens (May 5tb, 1909). 
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30, On the Feot and Glands and other External Characters 
of the Paradoxurine Genera Paradoxurm^ Arctictis, 
Arrtoifalidia^ and Nandinia. By R. 1. PococK, FJi.S., 
F.L.S., F.Z.S., (curator of Mammals. 

[ ReceiTed May 11,1915 * Read June 8,1916.] 

(Text-figui-es I-IO.) 
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Tlii^ papei, the result of leseaixhos canied on at intervals for 
so\eml years in tlio Society’s Piosectorial Dejiartinent, may be 
legal (led as a continuation of the one dealing with the geneia 
of Vi\err inart which was published in the ‘Proceedings’ for 
Maich 11)15 (pp, 131-149), Its subject-matter is treate<l on the 
same general lines as those therein adopted, and its main purpose 
IS to show first that the genoiu discussed, hitherto diagnosed 
mainly by cranial and dental chai’acters, may he equally well, 
perhaps better, distinguished by the cutaneous features examined; 
and secondly, that tliese features fully justity the conclusion, 
hinted at but not adopted by Mivart, that the Viveirino and 
Paradoxunne genera should be relegated to distinct subfamilies 
of the Viverridae. 

The genus ParadoTuriis^ including tlie species referred to 
Pagnma and }facrogalidia^ langes fiom India and Ceylon to tlie 
Philippine Islands and Celebes. ArcUcU$ extends from the 
eastern Himalayas to Borneo, and Arctogalidiay with the same 
eastern limit, reaches Assam. uVandiniriy on the contrary, is 
restricted to the forests of tropical A frica. 

The Feet of Paradoximis. 

Of this genus 1 have examined examples of the three species 
P, larvatue from Bsechuen, P, niger from India, and P, hermaphro- 
ditue from Singapore. Accotding to Giay’s nomenclature, which 
thoie is a tendency at the present time to revive, larvatue should 
Ihj refeiTed to the genus Paguma ; but in this paper I propose, 
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without prejudice, to follow Blanford and most modem authors 
in i^garding Paguma as a ^nonym of Pc^adtmirvs, 

The fore foot of P, larvatibs is broad; the digits are capable of 
considerable distension and ai*e webbed up to the proximtil ends 
of the digital pads; the underside of the webs is smooth, save for 
the pi'esence of four patches of short hair neai* the distal margin 
of eaeh. The pollex is well developed and lies close to the second 
digit. The plantar pad is large and wide owing to the size of its 
pollical lobe, which approximately equals in dimensions any one of 
the thi*ee main lobes corresponding to the intervals between the 


Text-figure 1. 



JParadojmrus lartfafus. 


A. Left fore foot, digits fully strotclied. 
n. Left hind foot, „ „ 

four principal digits. The lobes are well defined by grooves. 
The double carpal pad, separated by a deep nahed crease from 
the plantar pad, is at least as wide and long as the latter in¬ 
cluding its pollical lobe. The external lobe of the carpal pad is 
about twice as large as the internal and is defined from it by a 
deep groove. These caxpal pads occupy practically the whole 
width of the paw behind the plantar pad and, like the latter and 
the digital pads, are covered with coarsely granular or scale-like 
integument. 

The claws are protected by rudimentary skin-lobes and are 
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retractile in the sense that the terminal phalanx can be drawn 
l>ack so as to lie along the outer side of the penultimate phalanx 
as in most of the Viverridae and the Felidae. 

The land foot resembles the fore foot in its main featui’es, but 
is narrower and the digital pa<ls of the third and fourth digits 
are united at the base; behind their point of junction there is a 
.small triangular patch of short hair. Similar patches of hair are 
present on the underside of the proximal half of the webs, as in 
the fore foot. The hallux is sliorter than tlie pollex, but tho 
hallucal lobe is large Jtnd adds considerably to the width of tho 
jdantar jw-d, the elements of wliicli are well defined. Ihdiind tlio 
plantar pad the greater part of the undeisido of the metatjarsns 
is naked; the naked area, narrowing |)osteriorly or proxiinally, 
reaches to within about half an inch of the heel, wliich is 
covered with haii\ This nako<l area exhibits a median depression 
which is narrower disbilly close to the plantar pad than 
])roxiinally towards the heel, and is bounded at tlie sides nearly 
throughout its length by two thick ridges of integument, the 
metatarsal ]Mids. The external of these, narrower but a little 
longer than the internal, is c<»ntiiuiouK distally with the external 
lateral lobe of the plantar j)a(l; the internal is similarly coni inuons 
witfj the hallucal lobe of that pad. In the specimen liere described, 
the de}>ression between these j>ads or ridges is thickly covered 
with horny sub-spiniforin papilla*. 

The feet of Paradoxarm hermaphroditiis and P. niger show no 
differences of moment fi'oin tliose of P. larvaitts. The underside 
of the webs, howev'^er, is naked; and the example of P. viger 
examined exhibited no sharj) horny papilhe in the depression 
between the metatarsal pads of the hind foot. 

The. Feet of Arctictis. 

The fore foot resembles in all essential respects that of Para- 
do.rarus larratusy but the web connecting the digits is naked 
beneath, and the two elements of the cjirptU pad are not so sharply 
defined from one another and from the plantar pad. 

Ti)e hind foot is also like that of Paradoxurus in most respects, 
particularly, be it noted, in the fusion of the digital pads of the 
third and fourth digits proxiinally. Here also there is no hair on 
the underside of the iiiterdigital webs, the division between the 
plantar and metatarsal pads is ill-defined, and the metatarsal area 
itself is not sharply difiei*eritiated into a median depression and 
lateral elongated pads. On the contrary, it is comparatively flat 
and the naked area extends riglit back to the heel. In one 
example, a full-sized but young male, tho skin of the underside 
of the heel is covei'ed with a mat of horny, pointed papillae. 
No such mat, however, is present on the heel of a young female, 
and, judging from the skins in the British Museum, its develop¬ 
ment is variable, the sculpturing being sometimes papillate, 
sometimes sc|uamou&. 
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The claws are sharp, strongly curved, and i*etractile, but are 
unguarded by lobes of skin. 

In the nakedness of the heel, ArctictiB^ as has been noticed by 
Mivart and others^ differs from all other genera of Paradoxurines. 


Text-figure 2. 



AretioiU hintunmg. 


A. Ticft fore foot, clifiritB partially stretched. ' 

B. Left hind toot, digits not stretched. 

This may be an adaptation to a more thoroughly arlwreal life— 
a conclusion supported by the prehensile power of the tail *; but 
I cannot find any record of the proximal fusion of the pads of the 
third and fourth digits. This character is very suggestive of 
affinity between Arciictis and Parckdoxurus. 

The Feet of Arctogalidia. 

The feet of an example from Sarawak resemble in a general 
way those of Pwadoxfurm^ but differ in one or two interesting 
pamculars, especially in being longer, narrow^er, and less fully 
webbed^ In the fore paw the digital and plantar pads are well. 

* About half an inch of theond of the Utl wao nakfd and formed a couioal point 
to that orgau cidcalatcd to enhance its grasping capacity. 


MctoffutUia^ from Sarawak. 

A. Left fore foot, digits fully stretrhed. 

B. Left hind fortt, „ » 

Nandinii» hinotata* 

C: Loft fore foot, digits fully strelcliod. 
I>. Ixrft hind foot, ,* » 
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developed in the matter of tliuskness, but are covered with smooth 
integument, and the four lobes of the plantar pad are separated 
by shallow grooves and are therefore somewhat ill-defined. The 
area between the digital and plantar pads is quite hairless and 
the e<ige of the webbing between the 1st and 2nd, 2ud and 3rd, 
and 4th and 5th digits, and to a less degree that between the 3rd 
and 4th digits, is more deeply emarginate than in Paradoxurus. 
The anterior and lateral borders of the plantfU’ pad form a 
naiTower curve than in that genus, the pollical lobe especially 
being set farther back with reference to the median lobe. The 
carpal pads are much longer and narrower, but are as wide 
throughout as the plantar pad. The claws are short and strongly 
curved and not ptotected by skin-lobes. 

The hind foot differs from that of Paradoxunis in characters 
similar to those mentioned in connection wdth the fore foot, but 
one additional difference to be noticed is that the pnds of the 3ril 
and 4th digits are not fused but are separated by a measurable 
extent of webbing. The naked area on the metatamis is of about 
the same extent as in Paradoxurus, the heel being thickly liaiiy 
as in that genus; and in the skins examined the area between 
the two smooth lateral ridges, or metatarsal pads, is covered with 
coarsely squamqus integument, the pads themselves, like the 
plantar and digital pads, being smooth as in the fore foot. 

Tfie Feet (/Nandinia. 

The feet of this genus have only been briefly described pre¬ 
viously, so far as I have ascertained. Mivart (P. Z. 8. 1882, 
p. 170) says that the tarsus and metatarsus are “ abf)ut as bald as 
in Paradoxurus which is true; but Lydekker^s statement that 
the tarsus is partially bahl as in Hemigalus is not in accoi'd with 
the facta (Lloyd's Nat. HisL : Cats etc., p. 228, 1896). 

The fore foot resemUes that of Parwiooourtm larvatus in the 
development of the webs at least to the proximal ends of the 
<ligital pads, in the extent to which the toes are capable of 
separaUori, and in the confluence of the plantar and carpal pads 
to form a single mass, qf which the component elements are 
defined merely by grooyes. These pa<ls, however, ai*© longer as 
compared with their width than in PoA^adoxurus^ and in the moi*e 
backward position of the pollical lobe and the closer curvature of 
the distal margin of the plantai’ pad lesemblance may be seen to 
Aretogalidia. A very nan*ow area of skin, sometimes giving oft’ 
short streaks towards the digital pads of the 2nd, 3]*d, 4tb, and 
5th digits, is naked, but otherwise the whole of the area, between 
the plantar and digital pads is thickly covered with velvety hair 
ea in Genetta and Viverra* In this respect the feet difter from 
those of ParadoxuruB *, and Arctogalidia. The underside 

of the jmllex is, moreover^ quite naked, the digital pad of this 

* HodgAon, however, doicribed tkift area m Paradoarttrm lanigerua m hairy; bvt 
whether the liai^ developed to hxtout in Kandinia or in ParadotenruM 
Urnsttn doei not appear. 
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digit, which is considerably shorter than in Paradnxurus and a 
little shoT*ter than in ArciogcduLia^ being connected with the 
pollical lobe of the plantar jxmI by a bare strip of integument. 

The claws are retractile but are not guarded by small skin- 
lobes as in Genetia, The pads are in the main quite smooth, but 
the central depression behind the plantar pad is somewhat 
coarsely stm Iptured. 

The hind foot, so far as the webbing and the structure of the 
plantar pad are concerned, resembles and differs from that of the 
other genera described in this paper in the same respects as thcKSo 
mentioned in connection with the fore foot. The digital pads, 
however, of the third and fourth digits are widely separated, 
oven more so than in Arcto fcdidia^ anti resemble in this respect 
the homologous pads of Genetia and other Viverrines. The whole 
of the j:K)sterior art‘a of the naked metatarsal space is coarsely 
ridged tmiisversely, and this ridging is replaced in the elongated 
depression behind the plantar pad by coarse polygonal sculp¬ 
turing. This depression is hounded on each side by a thick, 
elongated, metatarsal pa<l, sculptured internally, but these pads 
are not so long tis in Paradoxurus and Arctotjalidia^, 

The cha,meters of the feet of the four genera of Paradoxurines 
above (lesci'ibed may bo systematically epitomised as follows:— 

a. PadK of 3r<l uiid 1th dibits of hnid foot proximally united in 
the middle line; fore i»a\V8 broad, their plantar and curjml 
imd** eoinhiiied only a little longer than wide; pads of tore 
and hind feet with coarse tesseVlated sculpturing. 

o'. Sole of litinl foot not naked to heel. Pnrndoxunii. 

b'. Sole of hind foot naked to heel . . ArctictU, 

h. Pads of 3rd and 4th fligits of hind foot eeoarated; fore paws 
narrower, their jdautar and car{>al pnfis roinbiiied much 
longer than wide; pads of fore and hind feet smooth or 


nearly so; I heel of hind foot hairy as in Vnradoxurns\. 

Area l>etween plantar and digital pads smooth ... Arctogalidia, 

6^. An>a between plantar and digital iiads, except of digit 1, 

thickly hairy . ... . Kandinia. 


The tessellated sculpturing of tlic pads observed in Arctictis 
and the species of Paradoxiu^m examined must be veriiieil for 
otlier species of the latter genus, before it can he definitely 
rega.rded as a generic fojiitire. The fusion of the pads of the 
3r<l ami 4th digits of the hind feet in these two genera— 
obviously a specialisetl fe*iture—may lie regarded as evidence of 
affinity between them ; but the sepai-ation of these same pads in 
Niindinia and Arctogalidia is a case of the mutual inheritance 
of a primitive character, and cannot be considered as evidence of 
relationship. 

• Prom the foregoing account of the hind feet of PuradoxuruBiArctogalidia^ and 
"Nandinia it will lie seen that Mivart's description of the tarsus as “ halt-bald ” in 
these genera is untrue, since by the term tarsus he meant the whole area between 
the plantar pad and the heel (P. Z.S. 181^, p. 306). He also included JTemiffalug 
{H^nugalea) in the category of genera with *'ha1f bald tarsus, although liis own 
ngi]i*e of the hind foot ot this genus {op, vit, p. 166) shows correctly that the greater 
pait of the sole behind the plantar jiad is covered with hair. 
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Comparison between the Pamdoxurine and ViveMne 
types of fest. 

The feet of the Paradoxurine genera above described, and those 
of the Vivorrine genera describe in xny previous paper (P. Z. S, 
1915, pp. 132-140), may be briefly compared as follows:— 

Yiverrinm .—The pollical and haJluoal elements of the plantar 
pads are either suppressed or small, and when present lie 
altogether behind the internal lateral lobe of the plantar 
pads so as to contribute nothing to the width of the latter. 
The carpal pads whether single or double are much shorter 
and naiTOwer than the plantar pad, occupy only a small 
part of the underside of the carpo-metacarpal area, and are 
separated from the plantar pad by a tolerably long space, 
of which the median portion at least is covered with hair. 
The underside of the metatarsus is for the most {)ai't covered 
with hair; when the metatarsal pads persist, they are 
re<luced to a small bilobed pad some distance away from 
the plantar pad {CivetUctisjy or to two narrow median ridges 
of integument in contact throughout the greater pfirt of 
their length, slightly separated towards the heel and more 
strongly divergent inferiorly where they extend to right and 
left to meet the postero-lat^ral angles of the plantar pad, 
leaving a hairy space between (Genetta), 

ParadoiiffiiHryx .—The pollical and hallucal elements of the 
plantar pads are large and comparable in size to the three 
remaining lobes of this pad individually, thus adding con* 
siderably to its width. The carpal pads are long and wide, 
occupy nearly the whole of the width of the underside of 
the carpo-metacarpal area, and conjointly equal or approxi¬ 
mately equal the plantar pad in area; they ai*e defined from 
it by a transverse gioove which expands mesially into a 
depression, but this depression is never hairy. The meta¬ 
tarsal area is naked throughout the greater part of its 
length and width; when the metatarsal pads are retained 
they form two thick ridges of integument separated by a 
wide depressed area. 

From this it is clear that the difierences between the feet of 
these two groups are considerable. The differences in the case 
of the ViverrinsB have arisen, as I have already pointed out 
(P. Z. S. 1915, p. 139), by the suppxession or reduction in size of 
the pollical and hallucal elements of the plantar pads, by the 
reduction in size of the carpal pads, the growth of hair between 
them and the plantar pad, and by the suppression or reduction 
in size of the metatarsal pads and their replacement by normal * 
hairy integument. In the case of GatnsUa^ which of all the 
yivmriaiB has the least specidised feet, it is clear that the two 
juxtaposed naiTow ridges of skin extending along the middle 
line of the metatarsus are the faomeloguesof the two thick ridges 
or pads, separated by a median depression, in Pmadoawrm or 
Arctoyodidia* 



OilARACTKIW OF TIIK PARADOXUIllN 


There is one oilier prenus of Viverri(Ia«> which cnlls for atlentioji 
here because its feet belong to the pHradoxuiine type, tiiougli 
they (Jiffor iu certain detail.s from the feet of the genera to whieii 
that term is here restricted. This is the otter-like amphibious 
(/ivet Ctjnogdle^ which dray fir'st of all made thti type of a special 
subfamily, afterwards raising it to family rank on characters 
held by Mivart to l)e trivial for that jmrpose, Mivart regardrsl 
(Ujuoynle as an aberrant genus of his Ku'ofamily Viverrimc, which 
embra<‘ed the (hvcd.s, (ieiiets, IJnsangs, J^iradoxures, and otluTS. 
The gland, however, was unknown both to dray and Mivart. 
By this organ, as 1 have recently slmwn *, as well as by the 
structure of the muzzle and of the rhiuarium, (^gnogah dillers 
coiisiderahly from the genera both of the Yixeirine and Para- 
doxnrine sections of Viverrhla', and cannot be included in eitlier, 
MS 1 doiiiK^ tbem, without unduly disturbing their homogeneity. 
In clasMf^ing tin’s genus, therefore, I r(*vert to dray's original 
idea and regard it as the representative of a sp(*cial subfamily, 
(Jynogaliine. 

Thf Rhhiurium fntd Vd>r 'm(v of /V/ro^//).r///•/>//»/?. 

In the rhinarium is large and prominent. 

Viewed from tin* front its upper edge is inarkeilly bicoinex 
ow’ing to the d<‘pth of the median groove and the (Mirxatiire of 
tlu‘ lateral angles. Tin's groove extends nninterrn]>fedly from a 
jioint close t(» the posterior border of tlie upper surface, over the 
anterior surface, wh(*re if is very deep, down to tin* edge of the 
lip in the luiddlo line. The infranarial portion is large ami 
extends lateinlly beyond the nostrils, wdiefe it curls up and nar¬ 
rowly borders them c\t(*rnally tiirongiiout their lengtii on the 
upper side. Its inferior edge is hon/ontal with rounded angles, 
dust beinmth the narial orifice in front, this infranarial portion 
is inark(‘d with a curved <lepression wdiich inns downwards and 
inw’anis towards the middle line. This groove ap)>eais to corre¬ 
spond to the olilapicly inclined infranarial edge of the rhinariuni 
ill and the area external to tlic groove* being covernl 

wdtli hair in those genera and other members of the families to 
wdiicli they belong. 

Vi(*wed fi'om above, the convexity of the anterior edge is 
inteiTiijited by a deeji median angular nolcli—smaller in the 
young- -and its posterior edge is concave. Tin* narinl slits con¬ 
verge inwards and backw’ards and are lM)r(h*rt*d externally by the 
narrow naked strip which is continuous in front with the supero- 
lateml angles of the large infi*Hnarial area. As a result of the 
backward a,nd inward inclination of tbe iiarial slits, the upper 
field of the rhinarium is consideiiddy wilder in frtmt than behind. 
Finally, it may be added, the hairy jioiiinn of the n])per lip 
below the rhinarium is only aliout half the height of the anterior 
surface of the rhinarium itself. 

Oomparing tho rhinarium of Paradvrunts with those of the 

* Ann. Mug. Nnt. Hist. (8) zv. pp. 351 360, 1916. 

Proc, Zool. Soc.— 1915, No. XXV1J3. 
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VivciTiniB described in my previous paper, it clearly resembles 
mast closely that of Viverra but its anterior and upper 

surfaces are much more deeply grooved, its superior angles on 
each side of the median notch are more prominent, and its upper 
surface is more n)arkedly biconvex. 

In P, heriniaphrodit^iH the rhinarium is like that of P, larraiua 
in all essential respects. 


Text-figure 4. 



Rlntiarium, Been from the front and above, of A. Vl'andinia ; U. ArctogaUd^a ; 
‘ C. ParadoxuruB lartfatH$; D, Arcticii$; E. CiuettUdis* 


The rhinarium of ArciogaluUa from the anterior aspect closely 
resembles that of Paradoimrus, but is narrower compared with 
its height, and the lower edge of the infranarial portion slopes 
more obliquely upwards. Viewed from above, the median notch 
is wider and somewhat deeper^ and the angles that define it are 
farther from the middle line and nearer tlie narial slits. These 
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slits, moreover, are siib])aranel and onl}’^ slightly convergent pos- 
terioi’ly, so that the upper surface of the rhinarium is only a 
little narrower behind than in front. 

In Naudinia the rhinarium, seen from the front, is a littlo 
narrower and higher than in Arciogalklia, its upper edge is k^ss 
markedly biconvex, owing to the sulcus being shallower. The 
upper surface has a shallower nnteiior notch, and is a little 
longer as compared with its width than in Arctoyalldia and is 
quite as wide behind as in front. 

The rhinarium of ArcticiiH differs from those of the other 
Paradoxurine genera here desciihed in one or two poinis. The 
medhin groove extends over the upper surface, hut is sunk in a 
much sludlower depression. Hence the superior margin of the 
anterior surface is not iiiarke<lly hic<mvex, hut is fairly evenly 
convex from .si<le to sicle, with cmly a small and sliallow median 
notch. Seen from above, this margin is similarly convex from 
side to side, w ith a small median notch. The infra,narinl poi titm 
in front is shallower and has a nK)re everdy roiimled inferior 
border, an<l, when seen from above, the narial slits converge 
posteriorly as in /*arado.ruru8. 

In my description c»f the rhinaria of the Vivemne genera 
i etc., I said:—‘‘It is impossible to affirm the 

(existence of any absolute ditrereiice between the rliinaria <)f the 
Viverrime eollectively and of the Pamdoxurina*/’ (Jontirmatioii 
of this is suppli€»<l by a. study of this organ in the Parailoxnriiue; 
for, although the rhinaiium of /Wridorar/w?, Arctogalidia^ and 
iVaaduiia differs from that of the Viveirimc in being very deeply 
silicate above and in front, the rlunariuin of Arcticti^^ a genus in 
most jiarticulars the leiust Viverriiie of all the l^iradoxurinse, is 
much less deeply and widely sulcate, its supero-anterior margin 
being evenly convex from side*, to side with a quite small median 
Hotel). The convex curvature of this border recall)? tiait of the 
rhinarium of the African Civet {Cirettictis), although the median 
groove of the rhitiariuni is deeper both ahov^e and in fi-ont tluin 
in that genus. On the other hand, the rhinarium of the large 
Indian Civet {Virerra zihetha), with its upper surface biconvex, 
is more like the rhinarium of Parmlo.rthrm than is tlie rhinarium 
of Ai'cticth, In the shape of this oigan, therefore, the geiieiJi of 
Viverrinao and Paradoxurime intergrade. 

The facial vibrissie may be briefly dismisseil. The tufts are 
without exception nornuil iu uuml)er, the mystjicials in })articular 
being long and I'igid. Of the two genal tufts ou each side, the 
inferior is situated in a line wdtli the corner of the mouth and 
the superior a little higher up and posterior to it. The lejist 
ileveloped is the inteiTamal, hut it is ahvjiys present and not far 
behind the maniiibular syiiiphysis. 

The Ear of Parado,mirines and Vivendnes, 

There nppews to be no accepted terminology for the cai*ti- 
lagiiious ridges which strengtlien and support the pinna of the 
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ear in mammals, and by interlocking help to close the meatus 
when it is capable of being closed. Mivart described the pinna 
of the Common Oat (‘The Oat/ PP* 295-296, 1881) and of the 
Genet (P, Z. S. 1892, p. 51, fig. 12), adopting for the seveml 
parts names originally applied to the human e*ir. An entirely 
different nomenclature was, however, proposed by Boas in 1912 
(‘Ohrknorpel and ausseres ohr der Saugetiere,' Kopenhagen). 
in the following account I have attempted to show tlie corre- 
s}K)ndence between these two systems and have, in the main, 
followed that of Mivait os being more familiar and more in¬ 
telligible, without wishing thereby to cast any reflection upon 
the excellence of Boas* work. 

In ParadoxnrvjS larvatue the cartilsginous ridges, with their 
intervening fossa*, wdiich strengthen the lower poi’tion of the 
pinna round the auditory meatus, resemble those of the Cat aiKl 
Genet in essential features. Two ridges run oblicpiely upwards 
and forwards in front of the inferior orifice of the njcwitus 
(aditm inferior of Boss). The outer of tliese, the posteron 4 of 
iloas, carries a low elevation called the tragus by Mivart. 'J'he 
inner, the anieron 0 of Boas, has a sinuous edge and ruT)s higher 
up tlie front of the ear than the outer or tragus-hearing ridge. 
This inner ri<lge is called the post-tragus by Mivart in the (jnse 
of the Oat, but in iiis figure of the Genet’s ear it is marked 
tragus. Two ridges similarly ruu obliquely upwards and back¬ 
wards from the inferior orifice of the meatus. 1’he outer of 
these, the poateron 6 of Boas, is produced inferiorly ijito a large 
angular pi’ocess. the aniitragns of Mivart, wdiich fits into tlie 
lower part of the fossir between the two anterior ridges when 
the ear is closed. Aliove and within the outer ridge lies the 
inner of the two posterior ridges, w'hich is much softer and Jess 
w^ell dev€dop^*d than the others and shows a small swelling near 
its lower end. This 'ridge, an integurnenta] non-cartilaginous 
structure, was not given a special name by Mivart, and was 
merely described /is a “weiehe Falto'* by Boas. Nevertlieless 
it ajipears to be a constant feature in the ears, /it ail events, of 
the Caiiidai, Felida*, and Viverridae. 

The four ridges above described, with their intervening fossa% 
form the anterior and posterior walls of the deep and spacious 
fossa, lying above the auditory meatus. This large fossa is defined 
above by a transverse cartilaginous ridge, the plica '/mncipalis of 
Boa.s and the s'u^^airagm of Mivart, the anterior end of which 
is ovei’lapped by the inner of the two anterior ridges. Towards 
the middle of the ear it exhibits a marked swelling, and behind 
tins the ridge gradually fades away towards the inner side of the 
inner of the two posterior ridges 

* The cartilaginouH thickentuff in the ear of the Carnivoi-eA, named potteron 4 by 
liooB and tragus by Mivart, *eem« certainly to be the homolog^we of the “ tragus ” 
in the human oar. But the thickening named *‘antitmgtiH” by Mivart and 
pasieron 6* by Boas is not, according to this latter author, the exact bomologue of the 
human antitn^s. This well-developed stmetme in man is part of another carti¬ 
laginous ridge, the posUsron S of Boas, which is at most feebly developed hi the 
Caniivores, being merely represented by a weak ridge lying below and on the outer ‘ 
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The posterior margin of the ear, nearly in a line with the 
siipratragus, is doubled to form a definite pocket, called the 
“ pouch ” by Mivart and the “ Kdrbehen ” or “ Tasche’^ by Boas. 
For this 1 have proposed the name “ bursa.*^ The anterior flap 
of this is continuous above and below with the rim of the pinna, 
and its edge is deeply, widely, and angularly eniarginate. The 
posterior flap, on the contiiiry, is semilunar with at continuously 
convex edge, the upper and lower ends of which au*e aittached 
beliind the rim of the pinna, as in the Genet and, I believe, all 
species of Felis, 

Comparing the eai* of Parivdoxurmt larrmtuH with that of the 
three genera of Viverrinos -Gettelia^ Viverriada, and (/ivetticlifi — 
the following points may he noticed. In Genelia dottyolana 
(Somaliland) the bursa is formed as in P. larvatas^ except that 
the emargination of the anterior fla]> is nearly re(*tangnla.r in the 
former and obtusely angular in the latter. In Civettictis cive.ita, 
and VlvHrrU)id(i laalacceiisifi^ on the other hand, the anterior flap 
is le.ss deeply and more wid(‘ly eniarginate and the convex edge 
of the jiosterior flap is continuous above and below with the rim 
of the pinna, instead of lising behind it. Also in these two the 
inner of the tw'o anterior lidges can-ies a much larger process 
overhanging the anterior end of the supratragns (autihelix or 
plicJi principalis) tlian is to he seen in Geuetta donyolana and 
P, laniatus. 

In Geuetta donyolana and rahiyinom the tragus is more 
markedly hilohed and the anti tragus j^rovided wdth a better 
dev4‘iope<l external riilge, giving rise to the ‘‘double’^ condition 
described by Mivai’t in (r\ (iyruia^ than in P» larrains. This 
external ridge is very well formed in Vh'errictda, but is not 
larger in Vivetiictis than in J^aradoxm'ns lar rains. 

Apart, however, from the bursa, the ears of the four species 
are very much alike, and the recorded difterences in the £‘xact 
shape of the ridges must be tested in the case of other sjiecies of 
the genera before, in my opinion, it will be safe to attach 
systematic importance to them. They may be due merely to 
individual variation. 

The ear of Paradoxnrus hernmphroditus resembles that of 
P, larvataa except that the anterior flap of the bursji is more 
deeply and roundly eniarginate and its angles, especially tlie 
inferior angle, are more jiroduced. 

I did not examine in a fresh state the ears of Arctwtis. The 
only point of importance that could be made out on a dry skin 
was the pi’esence of the bursa and its resemblance to that of 
Paradoxw*^i8 larvatm^ iu the origin of the upper end of the 


side of the so-called antitragus. Mivart recorded the two ridges as a “ double 
aiititragus/’ a aaite iutolligible view. Ou the other hand, Mivart does not seem to 
have detected tnat the ridge he named the post-iragus {^anteron 6 of Iloas) coire- 
apoiids to the baMil portion of the ascending helix in man, and that the atipra-tragus 
(s* plica principalis of Boas) ia the homologue of part of the autihelix of human 
anatomists. 
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Text-fig\u*e 5, 



BaAe of pinna of left car of A. Nandinia} 1). Jratat/alidia; i\ J^tnutoxurng 
hermaphroditua i D, PAurvatua^ K. Vivarvicula malaciienaia i F. Civeitictia 
citfefta* 


h., buraa; o., inferior oi4iioe of meatnii; a,, auportor ridffe (m-supratrepua of 
Mivart); aa,t extenial of the two autcnor ridm ("otra^ of Mivail); a»., iiitoma] of 
the two anterior ridfres {^paat»tmjfua of Mivart); external of the two posterior 
ridges {^antitrapua of Mivart); pL, internal of the twopontmior ridges; e, supplo- 
mentat'y ridge outside pa, in Vivarrirtda, 
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posterior flap from the back of the pinna and the continuity of 
the rim of tlio pinna witli the upper end of the anterior flap. 
This fla}), liowever, is much more widely and less ileeply 
eiDH ruinate than in P. larvatus. 

In Arcioyalidia the caitilaj»inous riil^t'S of tlio ear resemble in 
a general way tliose of ParadoxHrun iarratns^ but tlieie is a 
di.itiiict though small ridge on the outer side of tlie aiititragus. 
The bursa, however, differs in one or two points. The margin 
of its anterior lim is not so deeply or abruptly excised, and its 
posterior rim is continuous alK)\e with tlie rim of the oar and 
does not arise behind it as in that genus. Hence tin* orifice of 
the bursa is more (dosed, and its jiosterior wall doc's not form 
a flap frc'ely movable on its Imse of attachment. In otlier words, 
the bursa in Arctayalklift is more like that of Vlrerrioka inalac- 
ceHsia and Pimttictis cirefta than of I^arado.vuriis lartrains and 
GenHta, 

in yanduiia hitintata the inner (»f the two anterior caiti- 
laginoiis ridg<*s differs fi om that of Pamdoxitrus larratas ami of 
Arciotjtdidia in the larger size and angular shape of its two 
proc<^.ses. As iu Arctoyididni^ the aniitragiis carru's an exte^rnal 
ridge. Tim hni'sji resembles that of ParadoxnrKH^ Arctictis, and 
Geneita in the origin of its ]M>sterior fla}) from tlie back of the 
jiinna, but tlio angular excdsioii of its anterior flap is shallower 
than in Parado.vania^ hut deep(u* than in ArcticitH, 

From the foregoing account it will, 1 think, l>e clear that it is 
impossihh* to make nse of t he ears in ililferentiating the Yiveri iiue 
from the l\irado\urinsc. Ne\ertlieless, within the limits of these 
tv\o subfamilies the stnicture (»f these organs, and especially of 
the Imrsa, will probably be found useful for distinguishing 
genera. 

J am <|uit.e unable to surmise wdiat meaning is to be attaclied 
to tbe variation in tlie strnctme of the bursa, by which the 
geiuTa alK>\e discusseil may be giou]H'd as follows:— 

a. Posterior flap of bursa arising above behind the rim of the 
pinna. GeuHtu^ Paradox uritfi, Arcticth, yandhiiu, 

h. Posterior flap of bursa continnnus alH)\f with the rim of tin* 
pinna. Vivi^rnciiUt, Civettictin, Arctoyalidia, 

Since the condition of the hui'sa found in Canidjp, Feli<la*, and 
some of the Arot;oid Carnivoia is the same as that described 
under heading a, this condition is prolwibly the primitive one. 
Pitibably, also, the condition de.scribed under heading b is the 
lieginning of the suppi'essioii of the bursa, a process which is 
completed in some JEluroid and some Arctoid C’arnivoi es. 

Perfume•glaiid ami Ea'ternal Genitalia o/Paradoxurus. 

One of the earliest descriptions of the gland and genitalia of 
Parado:ciirfi8 was published under the name Plaiychista ^mllnaii 
(^vss. Paradox nr an hermaphrodiins) by Otto (Nova Act.iAoad. Leop.- 
Car. xvii. p. 1089, pi. Ixxiii, 1835). Except in the structure of 





c 
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J^ra^&seurut^ 

A. GIftnd and external gauiUlia of male, glandular area aritb the poiition of 
the right gland dotted, in, tlie .median depresrion not repreecntinl; j»., glane 
penie; ecrutum. 

{CoiUimted at foot of tiascp jmje.) 
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the penis and its precise relations to the gland, the figure 
accompanying the dewiription agrees with my own observations. 

A year later Hodgson (Asiatic lies. xix. p. 77, 1836) described 
the perfume-glands of three species referred to Paradoxurus, 
namely, hirsatus, nvpalemis^ and lanigettis. According to Blan- 
ford the name hirttuivs was applied to the two sj)e(ties now’ known 
as aiul Iier7naph7*oflitait; nipaUvsin is a synonym of grayi^ 
but the species named Uinigertta can <»nly be assigned to the genus 
with hesitition. By the system of classification now in use, viger 
and hermaphi'oditus belong to the genus Paradoxiimx and gniyi 
to the genus Pugiima; and J do not dtmbt that kmigerus is also 
a J*agtnna, 

Hodgson detected no ditteren(*e between the glands of the 
species he examined ; and although he examined both males and 
females, his descrii)tir»n suggeM^s that the glamls in tJie two 
sexes are alike in their relations to the vulva and penis. This, 
however, is not the case, as will be explained, since the penis is 
situated at the anterior end of the naked glandular ar(‘a and the 
vulva lies near its centre. 

Mivart’s description of the scent-glands as lying “beneath the 
surface of a valve-liUe antero-posteriorly directed cutaneous 
inflection, more or less naked, and situated between the penis 
and testers in the male and analogously in the female,’* conveys 
vei’y little hlea of their stiiietnre (i\ Z. S. 1882, p. 103). 

Tuinier’s very brief description of the gland of P, niger 
{^:=ztypm) as an oval, flat, naked space at the base of the prepuce, 
although wanting in preciseness as to the situation of the gland, 
is accurate and intelligihle (P. Z S. 1849, p. 25). 

The main portion of the gland in tJie male consists of a pair of 
thickened ridges of skin or labia, extending betw^een the sciotuui 
and the penis. These labia form the side-walls of a longitudinal 
fossa which is everywhere perfectly smooth ; hut the margin and 
outer surfaces of the labia, are co\cred with long hair. The 
paired glandular thi<»keiiing, which makes these labia, does not 
extend so far forwards as the penis, hut a nm of thickentHl skin, 
naked internally, hairy externally, passes forwards in front of 
them an<l encircles the base of the penis like a collar. The 
narrow space betw’een the collar and the penis is highly glandular. 


Description of text-figure 6, continued, 

B. TransverHe section of the (glandular area of the same; ,7?., ^laud of right side; 

i,, glandular space bordered by the two labia ; p., penis. 

C. Oland and external genitalia of female, el., clitoris; 1., left labium of gland 

folded over glandular area ; o., anus. 

D. Same as fig. C, with labia of gland (1.) pulled apart to show vulva («.) and 

narrow labia of vulva (/«.). a., anus; el., clitoris. 

£. Transverse section of same behind vulva, gl., gland; glandular space bounded 
by the two labia; r., vagina. 
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the secretion having a repulsive odour. Tlie secretion of the 
piire<l gland has a “ mousy ” smell and is ponred over the naked 
skin of the fossa between the two labia. These labia are capable 
of being widely separated so that the glandular area may be 
flattened, but they are not closely applied and separated merely 
by a narrow nma, like the labia of the homologous gland in 
Virerra and Genetta^. The glans of tlie penis is long, flexible, 
subcylindrical, wejikly grooved Inflow, and beset with recurved 
horny papillre. It ends in a styliform process. 

The arrangement in the female is tolerably similar. The labia 
of the gland arise in front on each side of tJie clitoris and pass 
backwards to the anal area,. They are naked on the inner side, 
but hairy externally as in the male. Anteriorly they lie outside 
the hairy labia of the vulva, which lies just behind the clitoris; 
and the labia of the vulva unite posreriorly and form a low ridgu 
of naked integument which runs along the bottom of the space 
between the labia of the gland and spreads to right and left, 
forming a short transverse ridge in fn)nt of the anal area. The 
labia of the gland can be folder! over the vulva and the naked 
glandular space behind the clitoris, exactly as in the male the 
corresponding labia can be folded over the glandular space behind 
the penis; but in the female these labia are not closely applierl 
as they are in Genetta and Vivsrra. 

The anal area, in both sexes is tolerably large and naked as iti 
Genetta and Civettictis^ but the repulsive secretion of the anal 
glands is not retained by an annular ring of skin as in Viren'a 
zibetha. 

In male examples of Paradoxvrus niger and V, hernmiihrodlius 
the glandular area closely resembles in its general features that 
of P. larvatvs in consisting of a naked, elongated, tongue-shaped 
Hi-ea of whitish glandular integument extending from the scrotum 
behind round the prepuce in front. Hut therc^ is no thickened 
collar of skin rouiul the penis and the labia of the gland are 
much less pronounced, so that when the thighs are separated the 
glandular surface forms no deflnite median fossa but is almost 
flat from side to aide. When, however, the inner suifaces of the 
thighs are in their normal position and juxtaposed, the nght and 
left halves of the glandular surface are brought into contact. 
The degree of development of these labia may prove to be a 
generic difference between Paguma and Paradihv^mts, At all 
events, the conditions described hold good in the case of two 
sj>ecies of each of the genera as recognised by Gray. The penis 
of Paradoxuribs niger, judging from Turner’s description (P. Z. 8. 
1849, p. 25), resembles* that of JP. larvatm, and the same 
applies to the penis of P, herviaphroditus that I examined. 

In a half-grown female of P. Aermap?iroditu8 the glandular 
area cemsists of a nearly flat area of naked skin, without distinct 
labia. The vulva lies near its centre, and on each side of the 

♦ TI«i* fflaud in a living example of P. hucotiij^stajp resembles apparently that of 
P. larmtut* 
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vulva there extends backwards a shallow groove beset with a low 
of coarse pores. The ant.ei*ior end of eacli groove i*oaches as far 
forwards as the corresponiiing end of the vulva, but the posterior 
end I'eaehes consideraldy farther back, nearly to the hinder end 
of the area of naked skin. The low ridges between these pos¬ 
teriorly converging grof)ves and the vulva are scantily hairy, and 
constitute the labia of the latter oiiiice. 

Text-figure 7, 



J\i ritifo,vnrft« hermajihroifit-HS. 



A. (ilaiid ftiid p*iiitalm of luilf-grown feuwih'. ///,, antfiior end of j^liindnlar 

an*K; t’., vulva, Kurrouiided by wliort hairs; p.^ row of hecn tiiig j)oreh; anus. 
H. Tho Rinne of adult male, jr/., glandular area flattened; jp., prepuce at its 
anterior end; «r., scrotum ; anus, with orifices of anal glands. 

C. Transverse section of glandular area of male, ffh, right portion of gland; 
penis. 


This gland diflers from that of the female F, larvatus in the 
absence of distinct labia, as in the case of tlie males of the two 
species. 
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Th^ Perfimie-gland mid External Genitalia of Arctictis. 

The gland of the male was first described by Cantor (J. A. S. 
Bengal, 1846, p. 192), and subsequently by Ganod (P. Z. S.1873, 
p. 200). It resembles that of Paradoxurus larvatus iu consisting 



Aretieiis ointurong, 

A. (Hand and external genitalia of male, gl., glandular area showing labia and 

central depression; p,, prepuce. 90 ,, scrotum; a., anus. 

B. Gland of the female (vulva omitted); lettering as in A. 

C ds D. Transverse sections of the same with the labia of the gland partially 
distended and nearly in contact. yL, gland of one side j t., glandular space 
between the labia ^L). 

of a pair of upstanding labia, hairy externally, smooth internally, 
extending fi'om the scrotum up to the penis, and separated by 
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a nake<l fossa which becomes giudiislly shallov^er towards tlie 
j)enis. There is no definite collar of skin round the prepuce but 
integument, resembling that of the free edge of the labia in 
being scantily covert^d with yellow hair, encircles that orga.n. 
The posterior end of the fossa is partially divided by a low 
ineinbranous partition when the labia are not widely divaricated. 

The penis, which ] omitted to examine, was descrihe<l by 
Oarrod as follows: “ 'Plje glans penis is conical and pointed, 
$ inch long, and presents round its base several small, <laj k brown, 
hard fiattened pa[)ilhe about ioch long.” From this it may 
be inferred that tiie glans is shorter than in Parudo.rurvs, lias 
no styliform termination, and is further distinguished by the 
restriction of tlie papillfe to its base, their smaller iiumher and 
flattened, unspinedike shape. 

The gland of the female does not appear to have been described. 
It is very like tliat of the ni de, ctuisisting of a small longi¬ 
tudinal fossa, with an upstanding lahiuin, hairy without and 
naked within, on each side of it. As in the male and in 
J^arado.vnrufty these Jahia, wliich converge^ anteriorly and poste¬ 
riorly, are cajiahle of being widely divaricated, hni they are not 
tightly juxtaposed as is the case with the homologous labia of 
Viverrietda, (nmeMa, etc. When only partially divaricjited, the 
floor of the fossa rises into a low nuslian ridge of skin, 'riie 
vulva is situated in front of the glandular artia, not near irs 
centre as in Pirado^vurm, The glandular area is tJius wholly 
[lerineal as in the Viverrines. 


Thfi Pf^rf o.))}p~(jland and KHt»rnal Genitalia of Arctogalidia. 

The gland in this genus <loes not appear to have been descrii)ed. 
'remminck and 8. Miiller, as jNlivart stated, are silent about it. 
ifence Mivart presumed the gland to he as in /^arudoxtira^ 
(P.Z. 8. 1882, p. Ifin). On the other hand ftlanfor«i (Mamiu. 
Jfrit. India, p. Ilf), 18HH) said : “there is no bald space in front 
of the scrotum or around the genital orifice ; hence it is probable 
that the prescrotal glamls, if they exist., aie ill develoj>e<l.” 
What material Hlanford had whereon to base this opinion 
does not appear; hut the concluding sentence of the quotation 
suggests that the result of his examination, presumably of dried 
skills, was unsatisfactory. At all events his remaiks do not 
justify Lydekker’s statement that “ tliere is no glandular tract 
in front of the scrotum** (lAoyd’s ^Jat. Hist, : Cats. etc. p. 230, 
1896). 

1 can say nothing about the gland in the male, hut a female 
example identified as A, leucotisj from Sarawak, has a distinct 
though small naked glandular tract in front of the vulva; or 
rather, since the naked integument naiTowly encircles the vulva 
liehind, that orifice, preceded by a well-developed clitoris, may be 
deserilied as situated at the posteyior end of the glandular area. 
The area itself is antero-posteriorly elongated and is sui’iounded 
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laterally and in front by an upstanding flap of quite naked skin 
capable of being flatfcentrl out externally and anteriorly, or folded 
over towainis the middle line to form a pair of elongated labm in 
cont»ict throughout their length in front of the clitoris and 
vulva. 

The part of this naked area which appears to be specially active 
lies just, in fmnt of the clitoris. 

Behind the vulva there is a moderately long hairy, non-glan- 
dula.r, pen-ineal tmct. so that the .ninis, situated in the centre of 
a small, normal naked space, is remote from the glandular area. 


Text-figure 9. 



Arrfttffaliditt, 


A. Gland and external ffcnitnlia of female. jgr7,.fiecrpti»c: area of jrland ; 7., partially 

distended labia Mun'ouiidiiigit. rl., chtui is; r., vuha ; a.y anus. 

B. Lateral view of the hriiic ; letteriiijf as in A. 

C. Glandular area showing the Uhtu folded in front of the iditoris; lettering as in 

A and B, 


Since glands are present in l>ath sexes of the genera of 
Paradoxuriue Viverrids described in this ]:)a])er, and sre better 
developed in the males than in the females, it can hardly be 
doubted that the male of Arctogalidia is also pi^ovided with a 
gland ; but it appeni-s to me to be impossible to foretell whether 
the gland of the male will prove to be in front of the penis or 
behind it. Perhaps the balan^ of evidence is in favour of its 
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being prepenial, instead of prescrotal as in Parado.vurus and 
others *. 

However that may be, the gland of the female Arctogalidla 
differs from that of ParadoAmrus in several i-espeets. In Arcto- 
yalldia the principal secreting aiea is the def)ressi<>n in front of 
the clitoris, encircle<l by an upstanding flap of thin skin naked 
without and witliin and apparently not spocinlly glamlnlar. 
The right and left portions of this flap form two labia confluent 
in front a-iid cajjablo of being folded over the glandular depres¬ 
sion, thus meeting in front of the clitoris and vulva. Between 
the vulva and the anus there is a tolerably long hairy j>erineal 
area. Jn the female the labia are thick, glandular, 

a.n<l hairy externally. 1’hey are not confluent in front but 
arise separately at the sides of the clitoris, pass backw’nrds 
on each side of the vulva ami exttmd some distance behitnl 
it, almost reaching the anal area, being separated therefrom 
by a very short hairy non-glandular area. When folded over 
they meet in the middle line behind the clitoris. 


The Per/nme-gland and K.rternai Oenittdiaofl^nniMinfK, 

The gland of the male was described by Flower (P.Z. S. 1872, 
p. (»H4) .as follows : —Xandinia resembles many of its allies in 
possessing a ... cutaneous scent-glaml in the form of a longitu- 
«linal median depression an inch in length, with tumid naked 
margins and looking very like a vulva,, situateil in the pubic 
region immediately in front of the short, conical retroverted 
hairv ])repuce.'’ This description is perfectly corj'ect, hnt it 
unfortunately suggests similarity in })ositiou l)et\veen this gland 
and that of the Uj)ieal Pai*jidoxuriues. 

'fen years later Mivart (P. Z. S. 1882, p. 170, note) ma<lo a 
similar mistake when he described the gland as “ a bald pateli, 
no doubt glandular, in tbe situation of the piescrotal glandular 
struetureof Genetta,^' It is quite true that ti»e gland in X'fndinia 
is prescrotal, but it does iu)t lie between tbe .scrotum and the 
penis as in GmHta, but in front of tbe penis as Flow’d* stjited. 

In 1900 Miss CJ.udsson (Zool. Jahrb. 8yst. xiii. pp. oOO 52S) 
flgured and described tbe gland of the female .as a narrow area 
of naked skin situated in Irontof tlie vulva and ending anterioi ly 
in a distinct pouch. This had been previously detected by 
Noack, who i*egarded tbe |>ouch as tbe function.al homologue of 
the marsupial pouch (Zool. (larteii, Frankfui t, xxvii, p. 79, 1880). 

In a half-grown female Xamlinia 1 found the glandular area 
exactly as described by Miss Oarlsson, except that it w-as separated 
from the vulva by a narrow’ aim <'ovored with hair and liad 
only an imlistinct pouch at its .anterior end. It consisted of an 
ellipticiil patch of pale naked skin, with tlie anterior rim slightly 

* If this proves to be «o, a fpxxl raw mifrlit Im* made* out for severinir "Kandinia 
ftiul Arrtvgnlidia from the Pamtloxuriiiro an a ^epamte Hiibfaniily Naiuliniitiui. 
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raised. Probably as age advanced, tbe pouch wouhl have been 
developed and possibly the area would have extended backwards 
to join the naked skin suirouiiding the vulva. Tlie skin over- 
lying the gland was thin, and the secretion was brown in colour 
and strong in odour. 


Text-figure 10. 



Nandinm hinof^ltt. 

A. Gliiiicl and exteriml genitalia of odnlt male. ,7/., ginndniar urea Buttoned; 

p., prepiice ourroundud by uboft hair; «r., acrotnin roiicculiiij; uniiN. 

R. The same with labia of gland folded in front of prepuce; lettering un in A. 

C. Transverse section of gland in front of peiiiN. 

D. Olaiis peniu, its dorsul side uppermost. 

E. Glund and external gouitulia of yottiig female, ffl., glandular area; f).. vulva; 

n.^auns. 

Irrtlie adult male tbe naked glandular area extends from tbe 
scrotum a long way in advance of the penis, which is situated 
netir its posj^erior end, only a little in advance of the scrotum. 
Close to the penis On eacli side there are some ha irs, sometimes 
forming a definite ci'est, sometimes more nitmerous jmd Jess 
regularly armiiged. Sometimes thei^ are also a few hairs right 
in front of that organ, but for tbe rest of tlio area it is quite 
smooth. The anterior half of the area expands aiid forms, 
when the gland is flattened out by the sepai'ation of the thighs, 
a shallow subcircular depression with tumid margins; but when 
the thighs are juxtapos^ the right and left halves of the area 
appi'Oach, or nearly meet, across the middle line, being separated 
by a moderately deep fossa the width of which depends upon the 
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(higroe of approximation of the right and left halves of the area. 
When its margins meet in front of the penis, these present tJm 
appeamnce, described by Flower, of two naked ridges of skin 
running forwards from the penis. 

Jn longitudinal and tmnsvei'se sections the glainl is seen to 
consist of a comparatively thin layer of dermal ci'lls, of tolei-ably 
uniform thickness transversely but gradujdly iiicn asing in thick¬ 
ness from behind forwards. The secreting cells me not 
<lifferentinted into a right and left thickening as in Parado.rmns, 
Arctictis^ and the Viverrincs. The ]>repuce is hairy, and tbe 
glans of the penis is (juito short, a little expanded and rounded 
distally, and without spicules. 

General Conclmious with regard to the Per/ame-glands, 

rrom the account hero given it is clear that tbe gland in the 
Paradox urines varies greatly in posithm in tin* genera discussed ; 
but it is interesting to note tbe gra<latioii in tlie situation it 
assumes, especially in the femah*. Jn Jrcticlls it is entirely 
]Ku*ine^d, lying between tbe aiuis ami tlie \ulva as in Genetta, 
Viverra, etc., and in Ifemigalas ([t/nogale, although differing 
structurally from tlie gland in those gf^iiera. Jn l^arado.curus 
tbe glandular area passes anieritirly in front ot the perineum, so 
that tbe A^ulva lies near its centre. Nevertheless, the labia of 
tbe glainl, as in Arcticti% fold over behind the vnl\a and elitoris. 
Jn Arctogalidla the external genital organs are situated quite at 
its })osteri()i' extremity, tbe secreting area being in front of the 
clitoris and the labia also folding anteriorly to it. In .Vandniia 
the gland is altogether in front of the vulva and discoune‘cted 
From it. Thus A^andinia mid Arciictis stmiil at the t\^o 
extreiiH^s, 

In the males the iliffeivnces between Arctictis and I\n'a<1o,rvrns 
on the one hand, and Sandinia on tla^ other, are equally well 
marked, hut the link in the chain of gradation is wanting, 
])()KsihIy owing to our ignorance of the gland in this sex of 
A rctogalidia. 

Another point to consider is which of the two conditions pre¬ 
sen to»l respectively liy Arctictis or Parado,t urns and yandinia is 
tlie more primitive. I incline to the ojiinion that the lattei- is 
the ileriviitive type; and for this reason the position of the 
prepuce considerably in advance of the scrotum is the condition 
occurring in the C^aiihhv, l^rocyoniihe, and Ihsidic, wlihdi are the 
most genemlised, on the whole, of existing Carnivores. It also 
obt; 4 uns in tlie .rEluroid Cnjpiopii^octa, Jn the J^innipedia, too, 
the pi^ejmce is situated a long way in a<lvfuu*e of the anus, close 
to which the scrotum was proJmbly placed before its suppression. 
On the other liand, the position of the penis just in front of the 
scrotum is a charac?ter in which y^andinia resembles the Felidie, 
which are regarded as the most sjiecialised of all the CariiiN ora. 

The opinion above expressed can only be tentatively held, 

Pkoc. Zool. Soc.— 1JU5, No. XXIX. 21) 
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liov^ever, because the prepuce is close to the scrotum in tlie 
Mongooses. 

The main features of the glands and external genitalia may 
be systematically summarised as follows:— 

Males* 

a. Glands paired, situated t)ehind the prepuce, which lies far in 
advance of the scrotum at the anterior end of the naked 
glandular tract; hence the labia of the ^land when juxtaposed 
meet behind the prepuce. Gians penis long or moderately 
long, and spicular. 

a', Gians i>enis subcyliiidricnl, long, richly spicular, and ter¬ 
minate by a styliforin process. 

h\ Gians penis conical, shorter, spicular at base, and without 

styliforin terminal process . 

h. Glands unpaired, situated in front of the pi'opuce which is 
close to the scrotum; hence the labia of the gland when 
juxtaposed meet iu front of the prepuce; glans ]m*ii is quite 
short and unarmed . 

Females, 

a. Glands paired, behind and sometimes partially a1ong>{de the 
vulva; labia of the glands when juxtaposed meeting behind 
the clitoris and vulva. 

Vulva in front of the large nuked glHudnlar area .. 
b\ Vulva near the middle of the naked glnndulHr area, the 
secretory area extending behind and alongside the vuli'a . 
h. Glands unnaired, secreting area altogether in front of the 
vulva ; labia of the glandular area, when juxtaposed, meeting 
in front of the vulva. 

Vulia situated at the posterior end of the naked glandular 
tract which is bounded laterally aud in front by up- 

standing labia . 

h^. Vulva separated from the naked glandular tract which lias 
a pouch-like depression at its anterior end . 

Considered collectively the glands of these genera differ from 
those of the Viverrfn*e in the following particulars In the 
ViveiTines the labia of the glands are hairy without and within 
and form a pair of tumid masses usually clowly juxtaposed or as 
in Viverra zibetha, where they are divergent behind, confluent in 
front behind the prepuce. In no case does the glandular area 
extend in front of the prepuce or of the vulva, nor does it ever 
form a flattened naked area covered all over with secretory 
orifices. In the Pamdoxurine geneiu, on the contmry, the labia, 
when present as upstanding ridges, are naked within, like the 
floor of the fossa between them. They are not closely applied 
and can be so widely divaricated in both sexes that the secreting 
surface, studded all over with pores, forms a flat or nearly flat 
area. 


Paradojtfurus, 

Aretictia. 

\audtnia. 


Aretictia, 

Vnradojcurna. 

Aretotfalidia, 

yandinia. 


* The glands of this sex in Arctogalidia are unknown. 
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hi July 1914 the Society ])urehnsed from a <h'alt*i-a bird of 
unknown source, recognised by Mr. 1>. Seth Smith, oiir (’urator 
of Birds, as being new to our Collection. It turned out to be an 
example of 4t '/Yon#/« Bonap.. the Liuijikin. Clucking lien, 

or Northern Courlaii {^Aramns phtus Bartram of the Bnt. Mus. 
Catalogue, voh xxiii. p. 238). It is the nortliern form of the 
Coui’lan of S. America, Aramtis scolojmcetis, ami is a native of 
Florida, the xNntilles, and Jamaica, somewhat doubtfully accepted 
as a distinct .species lH*cau.soof its larger size, and of the extension 
of the white stripes, confined in the CourJan to the head and 
neck, to the hack, wing-coverts, and lower parts. The anatomy 
of A, scolopacens lias he(*n studied chielly hy Carrod (1\ Z. S. 
p. 270) and by myself (P. Z. S, 1901, p. C29). As 1 could find no 
reconl of the anatomi(*al exainiiiation of A, yiyantevs^ 1 took the 
(Opportunity of dissecting the Society's example when it died afttT 
living for ti few months in the Cardens ; and as J had formerly 
dissechMl J. scolopaceus along with an example of the Kagii 
(HkinochetHfi kayu), 1 renewed the comparison, by dissecting at 
the same lime another example of the Kagu. 

It may be convenient to .state at once the general conclusion, 
that, so far as aTiatoinical characters are concerned, A, ylyanteui? 
resembles A. scolopacetis very closely indeed, Tt would not liave 
surprised me to find such .slight difterences as 1 noted betwHHui two 
individuals of the sjune species. I do not sugge.st, how ever, tliat 
the tw'o species should V»e merged. The more experience J gain 
of avian anatomy, the more 1 am convinced that svstematists 
Hve well advised when they rely, at least wdth regard to tJie 
discrimination of s^>ecies and genei’a, moie on those superficial 
charactei*s that they can observe in the series of museum 
collections, than on the 011061141111 indications afforded hy the 
presence or absence of this or that muscle. 


29 ^ 
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Pterylosis ,—An aftei*sbaft is present. There wei-e ten primaries, 
the most distal being smallest, each covert, as usual, being 
placed distally to each primaiy. Dr. Gadow (Vogel, in Bronns 
Thier-lleich, p. 79) states that there are 11 in Aranms, but in 
some examples of .4. gigantms and A, scolojtaceus which I examined 
with Mr. W. R. Ogilvie-Grant at the British Museum (Natural 
History) we found only 10. There are also only 10 in Eurypyga 
and llhinocheias. The carpal covert is rather smaller tlian the 
carpal remex, and crosses it in the fashion that the secondary 
coveits cross the secondary quills. A minute plica ties the 
carpal remex to the most distal secondary quill, and the geneiul 
disposition bears out the view urged by Degen and myself that 
the carjMil feathers are in series with tlie secondaries, not with 
the primaries. The wing is aquintocubital; the diastaxic gap 
is wide and is ot^cupied by a coveH in the normal fashion. 

The oil-gland is tufted, and there ai*e tw-elve rectrices. 

The disposition of the feather-tracts, as in A. scolopacetis, agrees 
very closely with Nitzsch’s account of Psophia. 

There were very thick clumps of down on the hack, especially 
on the rump. In the fresh condition these gave otf‘ some powdei’, 
but detailed examination did not show the presenc(‘ of true 
decomposing down. The distribution of iK)W(ler-do\vns amongst 
birds is, as is now^ well known, far too irregular to be of use in 
systematic classification. 

There are no webs betw'een any of the toes, and the (‘law of the 
tliird digit is unsymmetrical, forming a scoop, slightly notched, 
but not constituting a di^iinite comb. 

Viscera,—Aloih carotids ai*e present. The tnicliea is uncon- 
voluted ; the rings are highly ossified, and the norimd j>air of 
extnnsic muscles and the iiitiinsic muscles are both present.. 

The configuration of the alimentary ti'act is of the gencralizi^d 
type that I have sho^n (Trans. Linn. 8(xj., Zool. vol. viii. p. 

1901) to underlie the patterns displayed by Charadriiform and 
Oruiform birds. The duodenum is a long and narrow loop; 
Meckel’s tract is suspended at the circumference of a nearly cir¬ 
cular expanse of mesentery ; between the duodenum and Meokisrs 
diveHiculum thei*e is a single luther wide loop ; the divertmulnni, 
which is large and prominent, is placed on the distal limb of tin* 
moderately long axial loop, and the distal jK)riion of Meckel’s 
tra(3t is thrown into three or four rather irregiilai’ short loops. 
The caeca are functional, of niodemte length, and slightly 
expanded towards their e.xtremities. The rectum is straight and 
rather wide. A ganglionated sympathetic nerve chain passes 
I’ound the mesentery, bending a short way into the more 
importa.nt loops. 1 have to add to the description I gave of 
A. scolopaceus that there are two bridging veins from tbe 
duodenal loop to the distal part of Meckel’s tract. The example 
of A, scohpacem that I examined bad been pi*eserved in spirit, 
and very likely I overlwked the presence of bridging veins. 
From the evidence afforded by this example of A. giganteus, which 
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I examined l)efore it had been hardened by spirit, 1 should place 
the pattern of Aramiis definitely on the Gruiforrn stem, rather 
than at the branching of the Gruiforrn and Gliaimlriiform 
steins. 

Mmcidar Anatomy, 

Curidlaris. -I'he cervicsl portion is mucli feebler tlian in 
lUdnonhHuK^ Vmt its posterior edge nesirly meets the aiderior edge 
of Ihe rhoniboi<leu8 externns. 

Uhomhnhhus —A continuous thin sheet of muscle, 

distnlly leaving nnc(>vere<l a good pierce of ihe rlioniboideus 
profundus, and proxiumlly strottihing far anterior to it. In 
Rhhiochetm the arrang<*uient is similar, lait the muscle thins out 
in the middle region and becomes much thicker in front. 

Uhoitihoi(lptifi])rofandn,!i ,—'Phis reaches to the extreme distal end 
of the sca])u1n and extends forwards almost the whole length of 
the scapula ; it is much tliicker tlian the superficial muscle. 

LatisfthiiHS dorsi meta/^ntaylaliH. This slender muscle is 
present, lying just under the skin, supeificial to the lalissiinus 
dorsi posterior and inserted int(»the skin underlying tlie humeral 
feather-tract. It appears to have similar relations in all the 
Gruifoi'in birds. 

Lattssimns dorsi anterior and /. d, ji)o.s’<c/vV)r. - “These two 
muscles are well developed, but do not touch at (uigin or 
insertion. The tendinous insertion of the posterior division is 
just deep of, and in contact with, the anchor of th(3 anconams 
huniei*alis; its origin is enormous and is partly from the ilium. 
In Ik/iiuochelus the origin fiom hho ilium is smaller, and although 
the insertion of the posterior division has similar relations with 
the ancomeus anchor, it is just in contact with the proximal e<lge 
of the ileshy insertitin of the anterior division. In the Crane tlio 
two tlivisions, espe(‘ially the posterior, are relatively narrower and 
do not touch at origin or insertion. 

Serrati,- -The s. superfic. meta])atagialis is largo, arising only 
from the ribs without fibres from the s(!apula, and is inserted to 
the skin under the dorsal featber-tract. The s. superfic. anterior 
is a narrow slip arising from one rib and is inserted by a flat 
baud to the scapula hetwwii the two divisions of the sub-coraco- 
scapularis. The s. supertic. posterior is strong, arising from tw’o 
ribs with their uncinate juxicesses, and passing t^o the ])ostei ior 
inferior border of the sixipula. The s. profumlus is in a series of 
strong sepamte slips. 

Scapidi-huimrales anterior et posterior, —'Phe posterior muscle 
(teres niajm*) is large and is pierced by tlie expansor secumla riorum. 
1 found no trace of the anterior muscle, although Fiirbringer 
states its presence in A, scoh^paceus^ and in the example of that 
bird which I dissected I noted a few fibres representing it. It 
is absent in lUdnochetns, 

Deltoiiles ^opatagialis, —A rather narrow muscle, not divided 
into two peaks. It gives rise to the brevis and longus tendons 
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after a very short common conrse; the brevis tendon is very 
broad and gives off a distinct distal slip (gamma of Flirbringer), 
a median patagial fan, and a separate proximal slip (alpha of 
Flirbringer). There is no recurrent anchor to the longus tendon. 
The longus tendon is doubled at the elastic part and I'eceives the 
whole of the biceps patagial is, the tendon of which is very short. 
The pectoralis patagialis is large and runs to the ]>atagial tendon, 
where it divides into longus and brevis slips. The condition in 
Hhinochetua is as 1 have already figured (he, dt, text-fig. 76), 
except that the alpha and gamma divisions of the brevis were 
rather better sepaiated. 

Veltoides major et minor. —The major is a strong muscle reacdi- 
ing down to the end of the third quarter of the humerus; it is 
shorter in lihinochetus. The minor, as in other Gruiform birds, is 
quite separate, and is inserted to the other side of the inseiliou 
of the peiitoralis minor, 

}*ecto7*aliH thoi'ocicas. —A very strong muscle with a feeble 
fibrous anchor to the humerus, and a single elongated tendinous 
insertion. In Rhhiodi^tns the mxiscle is similar, except that it is 
nari’ower, in association with the shallow keel of the sternum. 

Supra-cM'acoideus {pectoralis minor\ coraco^hrachialis externus, 
coraco-hrachialis inteniiiSf and mh-coraco-scapularis. —Pmctically 
identical in their relations in the two species of Aravms and in 
Jihimehetus^ except that in Ekinochetm the coracoid a 1 origin of 
the last-named muscle is lelatively verj»^ much larger, 

A7ico7mm .—The humeralis division, as in the vast majority of 
birds, is a strong inusde arising from the greater part of the 
humerus, and is cleft proximally. , The scapular head, in addition 
to the stout anchor to tlie humerus descril)ed in connection with 
the latissimue dorsi muscles, has the origin from the scapula 
forked in Aramus, simple in Rhvnochettus, The anconteua caput 
coracoideum (expansor, secundariorum) in Aramns presents tlie 
arrangement described as “ cieonine ” by Garrod ; tliat is to say, 
it arises in the axilla from a triangular ligament which passes 
into a stout tendon running to be inserted to the proximal 
secondary quills. I have already stated (I*. Z.S. 1901, p. 645) 
that this arrangement is usual in Gruiform birds, but that I 
found the muscle feeble, although present, in RhhtochHus and 
Enrypyga. In the example of Rhinochetus which 1 usecl in the 
tlissections I am now describing, I found no trace of theexpansor 
secundariorum in eitlier of the wings. This may serve as 
another of the many warnings against attaching systematic value 
to the absence of an anatomical structure, as it may have been 
lost independently by diflerent descendants of a common 
ancestor. 

Biceps hrachii. —In Aramm the acrocoracoidal portion of the 
muscle gives rise to a tendon which, although closely associated 
with the humeral portion, can be traced separately to the ulna, 
the humeral portion going to the radius. In Rhinochetus the 
division 6f the tendon of insertion to the radius and ulna is 
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forked at the extreme distal end. The peculiar accessorv head of 
the biceps, first noted by Beddar<l 1891, p. 14) and 

confirmed by myself (P. Z. S. 1901, )>. (nil)) from dissection of 
another example of RkinocJiettis^ was doubtfully represented in 
the present example, an old and excessively fat bird, by a lump 
of fat and fibrous tissue. 

/lio-tibialis hiternns {sartoritts).-~AH in other Gruiforin birds, 
rather easily separable from tlie glut»eus maxim us. 

Tlio-tihialu (glulcfics maximiis). —This large muscle, with rather 
weak median and very strong post-acetabular i>ortions, had the 
disposition found in Gruiform birds generally. 

Ilio-trocftanterici 'poHtfirio)\ aitUrior^ ami weie all 

distinct and well developed as in other Gruiform birds, but the 
small median muscle (glutcnus qmirius) was ubsent in A, glgantevn 
fia in A, scolopareas ; in tlie present example of lihinoc/t^tiis it 
w'as just separable. 

Vai(d-ilio~feinor(dis {fenroro-caiidal iwuX (wcessory). —The femoro- 
caudal w’a*s absent in A. giganteua as in A. acolopacem^ present 
but small in lihinochatiis ; the accessory was large, but with an 
area of tendinous degeneration in A. giganleufi^ precisely as in 
A, acolojyaceus^ absent in Rhinodietus, 

Amhisns,—Pvefient in both A. giganieus and Rhhiochetm^ its 
slender tendon, after passing round the knee, receiving a strong 
anchor from the hea<l of the fibula. 

C<md-il^o-jle^nriita(semit€nflwos^taf)i^^([c^cce,a8orys*>mUendhw8^lB), 
IscJiW'Jlerorius {snnimemhraiWHtt^^). (fastroenemiHs^ middh^ or 
posterior femoral head .—For convenience, to explain the in¬ 
teresting relations of this group of muscles,! have repeated here, 
as text-figures 1-4, the texi figures 81 84 in my paper on 
Gruiforin birds already published in the Proceedings of this 
Society (P. Z. S. 19()i, pji. 650 651). In . 1 . gigrmteus, as in 
A. scolopaceus (text-6g. 2), the semitendinosus (C.T.L. 2) is wide, 
but not so large as the semiriienibianosus (I.F.), except to^vards 
its insertion, whereas in Jihinochetns it is enormous, much 
larger than the semimembranosus, in . 1 . gigantens the accessory 
semi tend. (C.I.li. 2) is a broad triangular muscle, meeting the 
semitend. in an oblicpie raphe, exactly as in A. scolopa>cei(8 (text- 
iig. 2), and then running down to join the middle head of the 
gastrocnemius, which it covers; the semiraembr., also as repre¬ 
sented in tliat figure, sends a slip to the conjoined semi- 
tiemlinosus and accessory semitend., and passes on to the tibia 
by a fiat ligament (A. 2). There was also a thin flat ligament 
from the semitend. raphe to the tibia, which J did not find in 
A. scolopacem, but which I found in liallns (text-fig. 1, A. 1). 

The condition of this group of muscles in the example of 
Rkinochetus that I am now describing, corresponded, except in 
one important respect, wdth what I found on a former occasion 
and described as resembling the condition in Otis (text-fig. 3). 
The semitendinosus, accessory semitend., and semimembranosus 
unite to foi*m a flat tendon of insertion to the tibia (A. 2) plainly 
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Text-figure 1. Text-figure 2. 



KiiM‘-nms< !«*«; of 1iaVv» hmffirn^ti ts Knoi'-tMUsc of Arn»nt^ nro/nptnu ns 
Mnsculatmo of knee; ri^ht inlonial \iow 
FFM-TIB “I ItiU'riitil aeparate slip of ftinoio-lilMiilis (MisfoN itifoinn**) 
X. Liiriitnout ft out fetiiui tf> ti)>m 
PIP Pub<-is(hio>feiuor<il6s (iKldticlois). 

VTL (hiu(l-i)io-fl(\oinis. CTLt Ktmonil lUMMhon of ciudilio-flnv- 
onuM (iu<«**<son somitaniliiiosn^) V I L 2 S(mittMnlii»o».us 
I F ls( hio*f1e\oiui^ (s(MnimombiuiiohUs). 
ji / Aiu lior to tilna ot T / L. 

J i Aiiclioi to tibia of J.F. 

Or 1 Kstoiiial fornoial (liviMOii of prn*'trornoiniu«‘. 

Or IiitHiml fonioral diviMon of ji^iistioouMinus 
Or I Tibial diMsioa of )i*asti<M iiomius 
BOh Sobnm, 

In tovt-fisriiic 2 t1i<MHU(l-ilio>flc\oiiu^ has liad u pit to ii iiioMtl tot\liibit 
tbodeopoi l>inu: Or J. 

Tile tLiidiiiou^ aiMas aie dotted. 



Kiic0-mnscle<i of Oih tarda, Knee-innscdea of liehomUfuUra 


]>eHcri]>tiuxi and lettering a^ tii ieKt*tignieH 1 & 2 



ANATOMY OF GR LIFO JIM UlllDS, 


411) 


identical with tlie t/Oiidon of insertion of the semimembranosus 
in jXramus and IMltia, This tendon arises from the seiiiiten- 
dinoHiis raphe, ami tlie muscnlar bellies pass under it, meet a 
separate muscle (text-fi^. 3, Cic. 2) arising? from the femur just 
proximal to the accessory semitendin., and form a strong tendon 
that joins tlie common tendon of the gastrocnemius. A glance 
at text-figures 1,2, ami 3 will show that this muscle, marked (Ic. 2, 
apfKwrs to he present in Jiallns, Otis, and JUnnocheias, 

but that in the two former it is fuse<l along its edge with the 
accessory s€mitendinosus, whilst in the two latter it is free. If, 
then, we identify the muscle marked (Ic. 2 in text-fig. 3 with the 
middle lioad of the gasti'ocnemius, it seems a suHicieut statement 
of the facts to sjiy that the middle head of the gastrocnemius in 
/Mlus is cither absent, or fused with the accessory semiten- 
dinosus. But in bot h species ()f Aramas, although the accessoiy 
semitendinosus is sutllciently broad to pass both for itself and a 
fused railine-like middle head of the gas!rocnemius, there is, in 
addition,a distinct middle head (text-lig. 2,( Jc. 2) ajipareutlyahseut 
in Jialhts. In J*sophia, the middle head of the gastrocnemius is 
double, one portion coirespomling with the (Ic. 2 in text-fig. 2, 
anotluir with t he (Ic. 2 in text-fig. 3. Jn my paper already cited 
(P. Z. S. 11)01) 1 stated that the external hcail of the gastro- 
cnenn’jis in Otis was trifid, one of the thn^e origins passing under 
t he biceps. J do not doubt hut tliat the lat ter is morphologically 
identical with the slip marked (h*. 2 in te\t-fig. 2. Jn the example 
of h*hiaochptas that 1 am mnv describing, I found ])recisely tin* 
same condition ; not onI.y is the (h*. 2, represented in text-tig. 3, 
present, hut there is also a separate middle head corresponding 
with the do. 2 of text-fig. 2, J)r. Beddanl (P. Z. S. 1891, p. 1(1) 
lias ])ublishe<l a d(‘scription ami an incomph.'tely lettered figure 
of the gastro(*nemius and its relations in Nhiaochetas. Although 
liis description is diflieult to follow, as it omits reference to the 
tihial head of the gastroenemius wdiieh, so far as I know, occurs 
in all birds, and refers to a head “formed by a broad fiat tendon 
to the Jnmd of the fibula,'* a disposition wdiieli is at least aim or ma-l 
in Avian anatomy, J infer that the arrangement of the gastro¬ 
cnemius in the example of Uhinochehts that ho dissected was 
identical with that whiidi J describe here. 

For some time 1 have been collecting notes on the various 
fashions in which the middle head of the gastiwnemius and the 
accessory semitendinosus are disposed in birds, hut T do not w ish 
to oiler these results for publication until henu present a fairly 
complete picture of their distnhution in the Avian system. Dr. 
Oadow {Vogel, in Bronn'sThier-lleieh, p. 184) distinguislies three 
conditions of this complex: (i.) wlicn the accessory semitendinosus 
cannot bo separated from the middle head of the gastrocnemius ; 
(ii.) when both muscles arc present hut cpiite distinct except in so 
far as they may bo connected by sei'ondary tendons; (iii.) when 
the accessory semitendinosus is absent hut the middle head of 
the gastrocnemius present. This grouping will not contain all the 
facts; thei’e is a condition, as in Bhinoehelns and Bsophia, whicli 
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corresponds with Gadow's second group, except tliat there is, in 
addition, a second distinct middle gastrocnemius. 

Gastrocnemivs^ external femoral head^^ and internal tibial head* 
Ilio-Jibularis (Incepa^ with sling and anchor). Soleua ,—All these 
presented no peculiarity, and were similar in the two species of 
Aramus and in Rhinochetue, 

Puh-'iechiofemorales {adductors ).—In all three birds both were 
present, without trace of tendinous degeneration, and, as in most 
Gruiform birds, the internal muscle was much stronger and wider 
than the external muscle. 

Ischiofemoralis {ohdurator externus)^ ohdurator {obd'orator 
iniernus ); acoessorii ohdurator is .—With regard to these muscles, 
1 have to note only that the ohdurator externus was notably 
small in A. giga/nteus^ and that the area of insertion, to the shape 
of which Garrod attached importance, was mai-kedly ti*iangular 
in that bird, as in A. scolopaceus and in Rails and Cranes. It is' 
much more oval in RhinocheUis. 

Peroneus snperficwlis fiXid per om^LS of undue .—In both species 
of Aramus and in Rhinochetus the superficial muscle is the more 
important, with a broad supei'hcial origin, extensive origin from 
the fascia of the adjacent muscles and, in Aramus^ almost iiodgep 
origin, but a, certain amount of it in Rhinochetus. The anchor 
to the sustentaculum of the flexor tendons is broad in all t}u*ee 
and shows traces of being broken into separiite slips. The 
tendinous slip to the flexor of the third digit is well developed in 
all thi’ee birds. The deep muscle is veiy strong in Rhmocfietus, 
arising from a large part of the fibula, beginning at the itisertion 
of the biceps tendon, and from the adjacent surface of the tibia.. 
It passes in the normal fashion into a flattened tendon running 
in a groove under the slip to digit 111 of the superficial muscle. 
In A, 80 (dopaceu 8 I did not find it, but in A, giganteua it was 
I'epresented by a very minute muscular head arising high up from 
the fibula opposite the biceps insertion, and passing at once into 
a most slender ossified tendon, so closely adherent to the fibula 
that, unless it were specially searched for, it njight easily be missed. 
It has the usual insertion by a very thin flattened tendon in a 
groove under the slip to 111. The tendons of both peroneals were 
ossified in Arairvus^ as in many other Gruiform and Limicoline 
birds, but in Rhinochetus there was no trace of ossification. I have 
shown, in a former communication to the Society (** The Peroneal 
Mu.<cle8 in Birds,” P. Z. S. 1913), that in Gruiform birds there 
is a tendency for the deep peroneal to become reduced or to dis¬ 
appear, so that it woiild not be remarkable to find it present in 
A.gigcmleus and absent in A. scolopacetis^ even if these forms 
were not specifically distinct. 

Tibialis anticve ; Extensor digitorum communis ; Pkxores per- 
forantes et perforati of digits II and III.—These muscles are all 
present in both species of Aramus and in Rhinod^us and hM,ve 
the disposition that is normal in birds generally. The most 
notable point of diflSerence is that in Armans the temlons are all 
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ossified, above and below the ankle, and are iinossified in Rhhw-^ 
cJtstus, The flexor tendon of digit ITI is connected with the 
jierforated flexor tendon of the same digit by a strong slip. 

Flexorea perforate of digits 11, 111, IV. In all three birds, 
as in Gruiform birds generally, theio are tlireo heads for this 
group of muscles, and fibres from each of the three tendons can 
be traced to etich of the three heads. The ainbieiis head is the 
tendon of the ambiens muscle, which passes under the }>lceps 
ligament, that is to stiy, between it and the fibula. The fihular 
or external head arises by a tendon from the fibula, pioxiinal to 
the insertion of the biceps and passing superficially to tlie biceps 
tendon. The deep or femoral head is fleshy from between the 
condyles of the femur. 

Flexor lovgis halUtcia, —In all threti birds this arises by a 
single head from between the condyles of the femur. 

Flexorprofandm, —Arises from the shaft of the tibia close under 
the fibula. In Aramua the tendons of the deep flexors are nearly 
equal in size; in Khinochetvs the tendon of the hmgus hallucis is 
relatively smaller. In gigantem the relations bet.ween the two 
<leep temlons are much lis 1 representetl in A, 8colopa(rnis{y. /. S. 
1901, p. 654), except that the vinculum to the othei* deep flexor 
is spi'ead over the bmnches to the <ligits rather more, as in the 
figure of Kiirypyga given on the same page. The present example 
of Rliinocheim was exactly similar in this respect to the figure 
I have given, also on the sjune page. 

The muscular anatomy affords small ground for separating 
A. glganteus fionwl. acolopaxem. The most notable diffcivnces 
relate to muscles that are degenerate in the group, and that 
might evtm vary individually- such ns tlie preseni'e f)f a t<ues 
iiiiuor ill A, scfdopaceus which is absent in A, giganiena, and the 
presence of a peroneus i)rofiUKliis in the latter species and its 
absence in the former. 

The muscular arrangements in which the tw o species of 
agree and differ from Cniiies are more numerous, and are in con 
formity with the sepaiation of a sub-family Aramiiue. 


Osteology. 

I have noted only a few asteological points, the systematic 
value of whicli 1 do not proptise to discuss. 

Like that of A, scolojxiceua, the skull of A, gigavtem is strongly 
schizorhinal ; the lacrimals are not fused with the skull as occurs 
in Rhinoehetiis and lamicoline binls. llie palate is widely 
schizognathous with a long pointed vomer, and the pterygoids 
are short,* and expanded anteriorly as in Grns, Also, as in Gma^ 
there is a pair of occipital foramina, and strong descending ex- 
o(*^ipital processes, both absent in lihinocheius. The skulls of 
both species of Aranms are exceedingly like those of true Cranes, 
the likeness extending not only to the larger characters that have 
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been employed in classifictition, but to the minute configuration 
of the l)ones. 

Stpnmm .—In (hidow’s valuable synoptic table (Vogels in Bronn\s 
'Hiier-Keich, p. 79), he states tJiat the external spine is very large 
in Gruos (in which he includes Jrnnuis) and very small in Rhino- 
dvetm.nnA that the internal spine isahsent in (Irues and in Rhino- 
chetus. With regard to the internal spine, I confirm his statement 
for Cranes, ^Rhinochetm^ and both species of Aramnn. The 
external spine is certainly small in Rhinocheins, but it was also 

Text-figure 5. 





SliuntW-jrirdlo arliciilatioiiH in Gruifonii HircR 1. Jiuhavioa, II. (3ms 
{ansfralashna & cnmnmfata) III. Aramus gitfavtens. IV. Wunoehetus kagn. 

A. Acrocoracoidal i)rocoRs of coracoid. C. Coracoid. Cl. (.'liixiclc. P. Procora- 
coidal process of coracoid. S, Sctipulai. 


small in both species of Aramus. In the examples of Orvs 
that 1 have examined (6\ av4$tr<dasiana and G, caruncnlaia) the 
©xtemnl spine was veiy large and hollowed for a coil of the 
windpipe. In an example of lialearica, on the other hand, it was 
as minute as in xiremms and Rhinodietus, The sex of the skeleton 
had not been noted, but it appears probable that the huge 
external spine of Cranes is develoi)ed in connection with the 
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witulpipe, and is not to be refjardetl as a cliavacter of systematic 
value. 

Shoulder girtUej articahituni, -- In ti'xt-fi*^. 5 I drawings of 
the relations of the coracoi<l, Sfajailn, and clavicle, to which 
Fdrhrin<^ei* lias paid so much attention in liisf^ivsah inonogiMjdi on 
Birds. Furhrin^er has fi^^ured the s uiHi si ructurt*^ in 1 lie case of 
Grti.Sj Psophia, Araonis^ hloriipptpi^ DlchoJttjdms^ and Otis (Morph, 
u. System, der V^d^el, 18S8, pi. ii., tii^s. 40--4o). Ooinjiari.son of his 
figures with tiiose that J give }»ere,will show that, witliin the limits 
of (li*niforiJj birds, the characters vary considera,bl\ and are didicnlt 
to value for systematic pin-poses. Pidrarica agj-(*es vi-ry cloM*ly 
with the figure Fiirlu-iiiger i^ives for 6»V/ss, except that tim jiro- 
coracoidal process is not <piites() large. My ligin-eot* Gnis, which 
ajiplies eipialiy to (t. aas(r(dasiana niuX to V. cttrancahUtf. slaiw's 
much (doser articulation of the cUiviidij .Mini scapula, than vv'as 
lignied by Fiirbringer. jis well ;is a smaller procoracoi lal pi oci'ss. 

Arauuts tjujaiUens dillers fj-om the figure given by Fiii-liringer, 
])f»ssibly for d. scofojxtceos^ in that the articular end of the clavicle 
forms a broad llattened idate arliiMilating with the si*a])nla. 

Rhhiorhetits h-is a large procoraeoid, and v’ery slight arti<*u]af ion 
of elaviele and scajmla. .\ee<»rding to Furbiing(‘r, PsophUt shows 
the most, coinjileteai’tienlation of scapula, clavicle, and procoracoid. 

Systematic J'osition of Artntms, I have already shown (P. Z. S. 
ItlOl, pp, t)20-()r)a) that, d. .*<lilted natm-ally with (Irni' 
form birds, and the examination of J. (ji[jantcns confirms this in 
every respect. 
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32. On the Skull o£ an extinct Mammal related to .liluropit.^ 
from a (Uve in the Ruby Mines at Mogok, Burma. 
By A. Smith Woodward, LL.D., F.H.S., V.P.Z.S. 

[Rtfveivod May 2«), 1015: R«ad June 6, 1016.] 

(Plate J.* Text-figure 1.) 


IsiDhX. 

AChtreitfopitH haront, jxttii. sp. ii. 
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The rare and remarkable inaiuiiial uh'htrojm^, now eonlineil lo 
the highlands of eastern Thiln't, is evnlently the survixor of a 
group whieh must have had a wide geographieal lango in coiupaia- 
tively model'll geological times. It is so completely intermediate 
between the Procyonida* and the X^rsida*, that it is sometimes 
placed in the one famUv t, soumtimes in the other+ ; and its 
1 ‘elationships to the Pliocene Uifwttarrtos are so obvious §, that it 
must doubtless bo regard<*d as a .somewhat modified survivor of 
the common .stock fiom which the Procyonidfe and Ursidte liavo 
iliverged. No clo8'-*ly related fossil forma, howx»ver, have hitherto 
been I'ccordinl; and the recent discovery of a skull of an allied 
extinct species is theiofore of interest. 

The new specimen (text-fig. 1) was obtained from a cave at the 
ruby inines, Mogok, Up[>er Hiirmti, by Mr. A. L. Bacon, and 
brought as a gift to the Jiritish Museum by Mr. F. Atla}’. The 
skull lacks hotii zygomatic arches and the anterior end of the 
jmlate with the incisors and three of the premolar teeth. It 
must, 111 fac*t, have lain expostnl hir some time in the cav^e; for 
the whole of the sagittal crest has been gnaw'CMl away by a rodent, 
evidently a ponuipiue ||, ami thei*e arc similar tootli marks along 
tlio lamhdoidal border and other parts of the occiput. Otherwise 
the fossil is well preserved and all its chai’actcristic featui’es are 
show*!!. 

Although it is not mineralised, the bone is rcm-irkably dense 
and heavy, as in the skull of ^ElaropiDt meJanolennis^, Nearly 
all the sutiu*es between the elements are closed, and the specimen 
represents a fully adult individual, which was slightly larger and 
iiiore robust than the descrilied examples of the existing species. 
It agrees witji the latter in all essential respinds, such a.s the 

* For •xplsnation of tli 9 Plate sae p. 428. 

t R. Ray lAnkatter, '*Oa the AflSnitiea of ASluroptes melanohucM/* Trans. Linn. 
Soc,, Zool., aer. 2, vol. viii. (1901), jpp. 16S-17S, pis. xviii.~xx. 

i K. S. BardanSotli, **Oa the Systaniatic Position of JSluropus fnelanoleucuBt* 
Mindoakrift tor Japetus Hteenatmp (1913), art. xvii. 

i H. Winge, R Mvueo Lundii, vol. ii. (1896), pt. ii. no. 2, p. 62. 

Similar gnawing of fossil bones has beoii noticed by K. L>(lekkcr, **Tho Fanua 
of tho Karittii Oti^rs,*’ PAleeont. liidica, ser. 10, vol. iv. (1889), p. 25. 

% R. Ray Lankester, loc* eit. p. 165. 
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Text‘figure 1. 



hacouit gon, et sp. uov.; impw'fwt »kull from the left 
lateral (A.), palatal (BOi ttt»l upptsr (C.) ns}w:tw; one-qiuirtcr nat. «ize. 

ff. Aiai'ka of gnawing by rodents, probably porcupines. 

D. —Mluroput mdanoleuctta A. Milue-Edw.; left upper dentition, outer a8|K*ot; 
oiie«<piarter nat. siae. 

pm, l-d* First, second, and third prcmolars. 
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disposition of the basicranial foramina, the ending of the palate 
posteriorly between the last molars, the position of the infra¬ 
orbital foramen on the cheek, and the absence of a postorbital 
prominence. It differs only in its steeper frontal profile and 
certain minor characters. The inner face of the stout mastoid 
process, for example, is irregularly ridged, not smooth as in 
JElwropus. The foramen which pierces the inner wall of the 
lachrymal pit in the existing species, is behind this pit in the 
fossil. 

The molar and premolar teeth, so far as preserved, agree closely 
with those of ^Ehirojnta^ and exhibit only a less inark^ crimping 
and less tendency to subdivision of some of the cusps. Except 
these fejitures, there is nothing to remark about the molars (PI. I. 
figs. 1 A-c, m. 1, 7a. 2). The upper sectorial {pm, 4) is noteworthy 
for the simple and robust character of its antero-internal cusj) or 
protocone. The third premolar {pm, 3) is preserved only on the 
left side and agrees precisely with that of JUluropus^ but is rela¬ 
tively a little larger. Even in the existing genus the space for 
the first two preiiiolars is so short that the double-rooted pin. 2 is 
thrust crosswise and pm. 1 is reduced to a single minute cusp 
(PI. 1. fig. 2); but in the imperfect fossil, which does not retain 
either of these teeth, the corresponding space is still shorter. 
The bone is broken away on the right; but it seems to be sufil- 
ciently well preserved on the left to show that onl}'' one single- 
rooted premolar originally occupied this position. At least, a 
single socket of moderate size fills the whole of the splice betAveen 
pm. 3 and the canine. The canine (c.), bi'oken on the left, but 
completely preservetl on the right side, closely resembles that of 
uEVmopm^ even to the faint crimping of its j)osterior keel; it is, 
however, slightly more robust than in the described specimens of 
the existing sjwcies. 

Some of the principjil measurements of the fossil, in fractions 


of a metre, are as follows:— 

•M. 

Leufi^h from anterior border of iiMKaln to posterior face of occipital condyles. 0*25 
Maximum width between outer Iwrders of mastoid processes, about . . . 0*18 

Maximum width of basioccinital betwec'U tympanic bulbe. 0'04!3 

Frontal width at postorbital point . 0*06G 

Depth of snout from alveolar liorder above pm. 3, about . 0*075 

Depth between alveolar border apd bcKiniiiii}; of sagittal crest, about. 0*135 

M. 2—maximum length . 0*038 

„ width . 0*029 

M.1— „ length. 0*027 

„ width . 0'031 

Pm. 4— „ length . 0*029 

„ width . 0*021 

Pm. 3-— „ length . 0*023 

„ width . 0*014 

Canine— „ length of base . 0*023 

„ width of liase . 0*018 

The fossil from Mogok, therefore, differs essentially from the 
skull of the existing species of uEluropm in the shortness and 
bluntness of the snout, with the consequent reduction of spiice 
Proc. Zool. Soo.— 1916, No. XXX. 30 
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for the anterior premolars. It remains only to decide whether 
these differences are to be regarded as of generic or of specific 
value. If the anterior premolars were merely reduced in size, 
there need be no hesitation in adopting the latter alternative; 
but as pm. 2 differs fundamentally in having only a single root 
while pm. 1 was probably absentt I am inclined to refer the fossil 
to a distinct genus. I propose that this genus be named jElurei- 
dopu8^ and defined from JElvxf^jpm by the presence of only three 
upper premolars of which the foremost has a simple root. The 
species represented by the skull now described may be appropriately 
named bctconi after its discoverer* 


EXPLANATION OP PLATE I. 

Pig. 1. JSlureidapus baeotU, gen. et sp. nov.; left upper dentitian fttim the outer 
(A), lower (B), and inner (C) aspects, partly restored from the right side 
of the fossil, nat. size; e. canine; pm. 2, single socket tor second premolar; 
pm, 3 , 4 , second and tbii'd premolars; m. 1, 2 , Srst and second molars. 

Pig. 2, Mlutopm melanoleueut A. Milne-£dw.; left upper canine (c.) and first to 
third premolars {pm. 1-8), lower aspect, nat. size. 
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33. (contributions to the Anatomy and Sy'^teinatic Arrange¬ 
ment of the Ce<toidea. l^y FiiANK E. Bkddaud, M.A., 
D.Sc., F.lt.S., F.Z.S., Prosector to the Sociotv. 

l.Kfwi\cd aiul H«*ad Maj 25,1915.] 

(Text-figures l-ih) 

XVII. On y’-ii'A /1 7 ArujcoLus of Cjiapmax and on the 
(^ENtS VhAVMASIA. 


ll?DEX. 

Page 

Strurturo of Chapmunm tauncoUis . .. 

130 

Sj steiiiutif position of C, taurtroUh . 

. . 439 

Geiiora of Idiogeninai . 
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i obtained, on June 30th, 1914, a large number of examples of 
Oestodes from an American Rliea (Ithea a'nierica7ia) which die<l 
in the Society’s Gardens on the previous day. All tliose worms 
were found in the right ca?cum, and none of them in the small 
intestine. As is known, the c«‘cum is very rarely found to be 
inhabited by Cestode parasites, though there are cases on 
recoi’d 

From this hiixl three species of Cestodes have been described. 
Of these three, Giitotamia rhem may l)e set aside at once as having 
nothing in common with the s|)ecies which forms the subject of 
the pi'esent remarks. This latter spiKsies is identical with eitlier 
Tcunia tauricoUis of Chapman or Tfjsnia str^Uhiouis Houttuyn 
among those which have been found in ii’Aea, or is another 
species altogethei*. 7\i}nia taaricoUis has been placed in a genus 
Cluipumiiia (which is not widely diiiei’ent from Idiotjenes)^ while 
Taenia struthioiiU is now assigned to Davamea, In spite of this 
generic separation, wliich depends upon the not at all full descrip¬ 
tion of Davaima stmthionia by Pai’onat and von Linstowt, I 
am by no means cei*tain that they are not actually identical 
at least genericfilly. 

Davahjsa slrMipnis^ tliough found in the Ostrich, is stated by 
Fuhrmann § to occur also in Ehm ameyicana ; but the statement 
of Fuhrmann is not advanced with absolute positiveness; and it 
is only a statement in that no chni-acters of Davahiea atriUhionis 
are given by him to confirm the identification. The fullest account 
of the structure of Davainea atrathlonia is that of v. Linstow. 
Parona’s notes give no anatomical detail to spetik of. It is prob¬ 
ably therefore to the former paper that the responsibility for 
including this species in the genus Davahiea by all subsequent 

^ Sec Bronn’s * Tliier-Reich,' Bd. iv. Abtli. 1 u, p. 1026. 

t Ann. Mua. Civ. Genova (2 a) ii. 1885, p. <125. 

1 Arch. f. mikr. Auat. xlii. 1893, p. 447. 

§ “ Die Ceetoden der Vdgel/* Zool. Jahrb. 8uppl.-Bd. x. 1908, pp. 6 and 19. 

30* 
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authors is to be referml. Yon Linstow himself assigns the worm 
to the genus Doflsmma by reason of the form of the hooks. That 
character, however, is now known in other genera—though all of 
them of the family Davaineidse. 

Those who have written subsequently upon this species, Da- 
minsa BPruikumiB^ liave probably accepted its generic rank rather 
from the remarks of Max Braun than from the facts detailed in 
V. Linstow’s memoir. The former has pointed out in Broun’s 
‘ Thier-Beich ’ ♦ that the alleged ovary of v. Linstow, consisting of 
a number of sepaiate spherical masses, is not indeed the ovary, 
but an instance—largely met with in the genus Davainm- 
of the “ Parenchymkapseln ” of German writei-s, in which the 
ripe ova are massed after the disappearance of tlie uterus (when 
that sac is clearly developed in the genus, which would seem t(» 
be not always). Ajwu't from this interpretation of the “ ovaiy ” 
of V. Linstow and the nature and distribution of the setie 
according to v. Linstow, there is nothing in the description of 
that writer which would justify the reference of “ Taniia struthi- 
onis ” to the genus Dawdnm. It will be observed that there is 
therefore no retison to distinguish this worm from Vhapnmma 
tauricollia,^ at any rate so far. The detached masses of ripe o\a 
correspond with what J shall shortly describe in that species, 
where the uterus is nioie or less broken up into partly stqwmte 
cavities containing eggs. The general form and size of the species 
"which has l>een termed Davainea airvihlmis^t^^ figured by Paronat, 
is precisely what I have found to characterise tlie worm from 
ItiUa americanay which in other ways agi*ees positively with the 
descriptions extant of Chapmama tauricolliB, We have, how¬ 
ever, to assume, if this identification be conect, that v. Linstow 
has missed the paruterine organ. Tliis is, however, not evident 
in immature proglottids. J can hardly claim to have }»roveil 
specific identity; but 1 believe it would be difficult on the 
facts known to deny generic identity between these twro species. 

In the meantime, however, 1 identify the species described in 
the present paper with that described by Chapman, Puhrmann, 
and others as Tasnia, Davaimay or Chapmavia tauricoUis. It 
reaches a length of fourteen inches or so and has thus much the 
dimensions given by Chapman t. It is held that Timia a^gentina 
of Zscliokke § is the same species. If so, there would appear to 
be a discrepancy in that the measurement of length given by 
Zschokke is 8-9 cm. I am able, however, to clear up this diffi¬ 
culty. The majority of my specimens agi-eed with Chapman’s in 
their dimensions; but in a few the length was not greater than 
8 cm. or so. 




is vexy slender and widens out more or less suddenly to the widei^ 

• Bd. Ti.pt. ii. p. 14S6, 

t Ann. Mui, Civ. Genova (Sa), ii. 1886. 

I Pvoc, Aoad. Sd* niiladdpbu, 1876, p. 14. 

§ Ceiitrslbl. f. fitebt. u. Fame. iii. 1668, p. 8. 
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(3-4 mm.) posterior region. The most posterior segments are 
hardly, if at nil, longer than wide. There is no neck. 

The figure given by Chapman ♦ of the scolex and anterior 
segments is quite in accord with the view that the species 
described by himself is that which I regard heie as “ Tcmm 
taarlGollia"* He does not, however, figure or make any reference 
to hooks upon the rostellum (or, for the matter of that, else¬ 
where). Monticelli t, however, in his fuller description, found 

Text-figure 1. 



Scolex and uiitorior segments of Chapmania taurieolUs. 
9, Sucker. 


the hooks, which he described ns “ minutissimi uncini.’’ It 
would not be difficult to miss these hooks; I find fi*om a note 
made by myself upon the living worm that no hooks were seen. 
I have, however, closely examined the scolices of two preserved 
examples—the only scolices which I possess—and find^ traces of 
the hooks in one individual only. The other specimen was 

• Proc. AiCad. Sci. Philadelphia, 1876, p. 14. 
t Net. Sicil. xii. 1892-8, p. 208. 
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devoid of hooks. The one which showed them only possessed 
a few, which needed a high-power lens and good illumination to 
show them Up. It seems to me that they may easily be shed. 
1 am quite unable to make any statement as to the shape of 
these hooks. They appeared to be little more than acicular in 
form, like the hooks of the suckers in some Dmaima. The 
feebleness of the rostellar hooks seems to me to be related to the 
little marked character of the rostellum in this and other forms. 
1 may remark that there is no reason to believe that the present 
species has any hooks upon the suckers I shall return later to 
the questions of systematic arrangement wliich depend upon the 
liresence of hooks in connection with the genera ZacliokheeUa and 
InermicaipQifBT and some others. 

In spite of the fact that Chapman described the genital pores 
of his species as alternating irregularly, the genus Ckafmiania 
has been defined by some subsequent writers as unilatera], at any 
r&te in the pai*ticular species Chap7nania tmiricolUa f. Chapman 
himself remarked that five pores might follow consecutively upon 
the same side of the body. 1 have seen ten segments in series 
with the genital pores all upon the same side. It is therefore 
obvious where the error may have crept in. The genitel i)ores 
lie at about the middle of the lateial border. 

I sliall now deal with a few points in the internal structure of 
this Cestode. 

The cirrua-sac does not seem to me to have been fully desciibcd 
by Fuhrmann. The clootca genitalia^ as he has pointed out, is 
deep and expands within the cortex in a funnel-shaped way. 
Into the middle of this funnel opens the ciiTus-sae, and through 
it projects often the protnided cin*us. The cirrus-sac appears to 
consist of two distinct regions, or it may be, as I sliall point out 
later, that the cloaca genitalis consists of two distinct regions. In 
any case a bott]e-8ha.ped sac opens into wliat is unquestionably 
the cloaca genitalis, the neck of which “ bottle’’ is ninch shorter 
than the rest. This relatively narrow tube has muscular walls 
quite continuous with those of the rest of the cirrus-sac, and in 
it lies the cirrus, which nearly fills up its lumen in cin us-sacs, 
which are in an average state of proti*usion of the cin us. The 
rest of the cirrus-sac extends into the body of the worm some way 
inwards of the lateral water-vascular tube and ends in a i^tractor 
muscle, as has been described by Fuhrroaiiu. The flask part of 
the cirrus-sac is divided from its nanow neck by a sphincter- 
muscle, which forms a collar within the lumen of llie sac, and to 
the inside of this a fan-shaped bunch of muscular fibres, provided 
with nuclei at their internal ends, further blocks the lumen and 


* Fabnaanii, however (Bev. Suieee Zoot it. 1800, p. Ill), not only referi to heolcs 
upon the rostelUtm, but tpealEs of baving seen the ovidenoe of books upon one 
sucker. The definitions of the fcenns Ckapmaalu given by Fuhrmann and itansom 
do not use books upon the suc^eri as a cbi&aeter of that genus. 
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seiTeB, as I imagine, as a retractor of the cirrus. The vagina 
opens at the junction of the neck and the flask-shaped region, a 
fact which rather tends to prove that the neck region really 
belongs to the cloaca genitalis, unless it be remembered that the 
male and female genitalia have really a common origin and are 
parts of a single sytem. The various facts to which attention 
has been called are illustrated in the accompanying figure of the 
cirrus-sac and its external oiifice (text-fig. 2). 

Text-figure 2. 
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the middle of the proglottid and on a level with the cirrue-sac. 
It forms a nearly straight line about the middle of the proglottid^ 
wider in the middle of its length and ta.pering off to the side of 
the proglottid remote from the cirriis«sac, in which direction it 
does not reach the lateral water-vascular tube. At the other end 
the growing uterus is limited by the cirrus-sac and the coil of the 
vas deferens. In the lateral, most immature part of the uterus 
that organ appears to be formed by only a very slight modification 
of the medullaiy tissue. There is simply an increase in the 
number of the nuclei, which are thus closer together and become 
more conspicuous. 


Text-figure 3. 



Horixoiital section throxigb immature proglottid, to illustrate earliest apijearanc© 
of uterus (ut,)* ov. Ovar 3 \ 

In the moi'e central parts of the uterus at this stage, which, as 
already said, is wider, the nuclei are more abundant, both actually 
and relatively. Between them cavities appear, all of them small 
but of varying sizes; tHe dimensions of some coincide very closely 
with the meshwork of the general medullary pai-enchyma. The 
nuclei, at least in many cases, are arranged round these spaces in 
a regular fashion and thus constitute a lining epithelium to these 
uterine cavities. The several cavities are separate fiom each other 
in this early formed uterus. Fuhrmann * has observed the same 
mode of origp of the uterus of ChaprMmia taurieoUia, and 
remarks; “ Anfangs erscheint der Uterus gekammert.” 

In later stages there is a confluence of these cavities, and in 
the fully developed uterus such as is represented in text-fig. 4, 
the uterus appears to consist of a larger central cavity which is 
prolonged in all diirectionB through the medullary parenchyma 
into outgrowths. I am disposed to think that these latter intei*- 
communicate and form a network. In horizontal sections near 
to the dorsal and ventral surfaces of the uterus the retiform 
appearance is very strikingly manifested. In transverse sections 

* Etv. iitSMe ZodL iv« IM, p. ISl. 
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through the mature utei us the appearance of a number of detached 
cavities containing npe eggs is often presented It is, perhaps, 
this condition which has led to the explanation by v. Liustow * 
of the clusters of ripe eggs seen in “ Tcenm striUhtonis.^' 


Text figure 4. 



Horizoutal svctiou through mature uterus, sliowiiig Oj|)eniug into paruterine 

organ. 

Ca, Mass of .calcareous bodies at orifice of uterus. ?. Lateral water-vascular tube. 
Pa, Paruterin«!orgau. TTt. Uterus. 

The paruiierine organ of this species lias been figui'ed by 
* Arch. mikr. Anat. xlii. 1893, pL xzviii. fig. lA 
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Zschokke* in the course of his description of ‘‘ Tasnia argenUim^^ 
but mistaken by him for a testis, with which identification 
Monticelli associated himself f. Fuhrmann i recognised the true 
nature of this body, which was certainly puzzl&g at a time 
when the paruteiine organ, now known in so many Cestodes, 
was hardly or not at all understood. Zschokke has rightly called 
attention to the mass of calcareous bodies lying behind the 
anteriorly placed paruterine organ. The first l^ginnings of this 
organ are not plain to me, so little difi'erentiated ai e at first its 
tissues from that of the medullary parenchyma of which it is a 
part. But I feel safe in saying that it does not put in an 
appearance for some time after the uterus has commenced to 
develop. I mention this matter as being of importance, since in 
the species Khabdoimtra cylindrica the paruterine organ appears 
before the uterus. Thei'e is thus in the present species no 
obvious connection in development between the two organs. The 
paruterine organ in a fairly early stage of development lies, as has 
been stated, anteriorly in the segment and quite close to the 
anterior edge of the uterus, which is beliind it. This surface of 
the paruterine organ is capped by a lather dense mass of calcareous 
bodies. The calcareous bodies are not, however, confined to 
this region of the paruterine organ, or rather to the outside 
of it; they also occur scattem! throughout its substance, but 
not in such great num^rs and not, where present, so closely 
pressed together. The geneiul outline of the paruterine 
organ in these not fully mature segments is shown in horizontal 
sections to be somewhat conical, but with a nither convex base, 
the latter being anterior in position. 

It is, furthermore, to be noted that the paruterine organ is very 
closely related to the uterus, which lies behind it. The mass of 
calcareous bodies and the margin of the mass forming the 
immature paruterine organ are divide<i by nothing from the 
uterine cavity. The uWus, that is to say, has no anterior wall 
save that which is furnished by the paruterine organ. There 
is thus a distinct relationship between the uterus and the 
paruterine organ. , At this period in its development the 
paruterine body is solid throughout; there is no trace of a central 
cavity. In proglottids at the end of the lx)dy, which are rather 
longer than broad and apparently quite mature, the paruterine 
body has the appearance which is represented in the accompanying 
figure (text-fig. 4). This is a representation of a horizontal 
s^ion showing the paruterine body rather oblong in form with 
rounded angles. It is sharply marked ofiT from the parenchyma 
of its prc^lottid laterally. Posteriorly it is not marked off from 
the cavity of the uterus, that is to say the uterus has no wall of 
its own dividing it from parutenne oi^an. The two structures 
indeed seem to be mutually differentiated parts of one structure. 

* Ceutmlh f, Bakt. a. Panuiit. iil. 1888, p. 1. 

t Nat. Sicil. xfi. 1898-8, p. 808. 

t SniHe Zo6l ir. 1B9S, p. 188» 
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The paruterine part is about one-thii*d of the total length of the 
egg-holding receptacle. Tlie walls of tl)e paruterine body are 
thick, and the fibrous-looking tissue has the strands running 
along the greater length of tJie body. Externally it is plainly 
marked oflT from the tissue of the medidlaiy part of the proglottid. 
The mass of calcareous bodies is as plain here as in the younger 
Iiaruterine organ ; but it has got a more definite coherence of its 
own; the corpuscles are iml^edded in a tissue which forms a cap 
to the i)aruteiine organ and protrudes into the cavity of the 
uterus behind. The suggestion is that of a valve which, however, 
hinders the flow of ova into the paruterine organ rather than the 
converse, which is what woidd be expected. 

Text-figure 5. 


C 



Traiisvei'sc section through mature proglottid, showing pariitcriiio organ. 

0. Central cavity of paruterine organ. U Lateral water-vascular tube. 

The close relationship of the paruterine organ to the uterus 
is I'eminiscent of the conditions which obtain in the not nearly 
allied genus Mesoceatoides. In this Oestode, which has been 
investigated by Hamann Fubrmann t, and some others, the 
uterus is divided into two regions wdiich form a continuous tube. 
Posteriorly the uterus acquii*es thick fibro-spongy walls and serves 

t Swedish Exped. Egypt, pt. iii. 


* Zeitschr. f. wiss. Zool. 1885. 
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a8 the ultimate receptacle of the ripe eggs, being closed to form a 
spherical capsule. It is this region which suggests the paruterine 
organ of Chapmaniay a comparison which Fuhrmann seams, in 
the memoir quoted, to hold as possible, though Hamann compares 
this swollen and metamorphosed part of the uterus with a shell- 
gland (a comparison which seems to be negatived by the discovery 
of an ordinary shell-gland by Zschokke and others). In no 
genus, however, is there quite so intimate a connection between 
the uterus and what is certainly a paruterine organ as in 
Chjapm(mia,, It is quite likely that MeaoceatoidM has preserved 
the original relationship between these parts of the reproductive 
system. 

The access, therefore, of the ripe eggs in the uterus to the 
paruterine is thus assured; and the dmwing to which I have 
referred (text-fig. 4) shows this movement in progress. The 
©ggs'occupy the central hollow region of the paruterine organ, 
and are to be seen in transit in various parts of the same and 
of the uterus. 1 have observed eggs entangled, as it were, in 
the lax tissue fomiing the plug of calcai'eous bodies There is 
no doubt but that here the transference of ova to the paruterine 
fi'om the uterus is quite direct. They could hardly reach it by 
another route, in view of the free continuity of the two sacs. 

NeveHlieless, another view has been advanced by Fuhrmann t. 

In his important resume of the genera of Cestodes found in 
birds, this author remarks in the tlefinition of the genus Chrq)- 
mania —“Die Eier gelangeii in einen staik verzweigten Uterus 
und von da wie bei Davaiueain Parenchymkapseln, worauf sie in 
abgeloston Gliedern in ein amVordemind gelegenes breites, gi’osses 
Paruterinorgan gepresst werden, das eine Kapsel um sie bildet.'* 
This definition is accepted by Hansom, who practically translates 
it in his geneml survey t of the Cyclophyllidea. J n a later and 
fuller table of distinctions of the genei*a of Davaineid»e § this is 
altered. In the latter, Bansom says (as pait of his definition of the 
genus Chapm<tnia)j “ Eggs pass anteriorly into a paruterine organ 
from the uterus either directly or after the disappeamuce of the 
uterine wall and the envelopment of the eggs in individual pai-en- 
chymatous capsules,” This alternative statement as to the fate of 
the ova is apparently due to an earlier definition by Fuhrmann of 
the genus Chapmania ||, which runs (so fax* as concerns the matter 
under discussion) as follows—“ Die Eier, statt im Parenchym zu 

It miiiy be pointed out that, in hie figure of Chapmania longieirrhomi (later 
regimled at identical with IdiaganoM fiagtllum)^ Fuhrmann (Centralb. f. Bakt. u. 
Paraait. Bd. 41, p. 81, fig. 8) repreaenta a xnaaa of calcareoua bodiea auch aa occura 
in Chapmania tattrieoHU, but upon the oppoaite aide of the paruterine organ, f. e. 
upon ita anterior face. If tbia be not an error there ia perhapa liere an additional 
point of diatinction between the two genera. 

L Zool. Jahrb. Suppl.-^ x. t Hull. U.S. Nat. Mua. no. 69,1909. 

** A New Cestode from an African Bnatard/* Proo. U.S. Nat. Mua. vol. xi. 
1911. 

p* II Cmtiulb. £. Bakt. u. Faraait. Bd. 41,1906, p. 88. This memoir, however, la 
not quoted by Banaom, which it merely an overnight, aa he re»ra to it in 
a footnote enumerating the aynonyma of laiogmmjiagaUam* 
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zerstreuen, in ganz reifen loHgelosten Proglottiden in einem 
parenchymatdsen Paruterinorgan, das zu einer Uteruskapsel 
wird, vereinigen.” I believe, however, that this definition was 
made to include the species described in that memoir as Chap- 
mwaia longicirrhosa, a species which Fuhrmann later * trans¬ 
ferred to the genus IdiogeneSj and to the species I. flagellum. 

1 have been quite unable to find a trace of anything like the 
“ Parenchymkapseln of Davainea or any other genus in which 
such structures exist. Nor do I think that it would be easy to 
miss such l>odies were they, at any rate, so conspic\ious as in the 
genera which are known to ]X)ssess them (e. g., Inermicapsifer^ etc.). 
My figure is, as I think, decisive as to the direct entry of the ripe 
ova into the paruterine organ; in no other possible way can the 
facts observed, and there represented, be explained. I can only 
suggest that the irregular form of the uterus in ripe proglottids, 
as I describe it later, may be responsible for the statement 
that the eggs are sejwirately envolved in pjirenchymatous 
capsules before being pushed into the parutei'ine organ. For in 
many sections ova may be seen to lie apparently in closely fitting 
capsules, these being in reality the expression of the ramifying 
branches of the uterus. Or it may be that both met boils occur 
in this species, or finally, there is the possibility, which I do not 
consider to be very great, that the worm which I deal with in 
the present communication is not Chapmania tauricoUis but a 
new form. 

The \mt woixi about the paruterine organ of this Cestode is 
contained in FuhrmannV account of Clmptmiania tapicaf. Here 
that author states that Bei C1iaj>manla (auch bei Cliap. tauri- 
collie) geschielit ilieser Uebertritt der Eier erst in abgelosten 
Gliedern undist deshalb von andern Autoren noch nie beobachtet 
worden.” It is clear, from my own ol)servations, that the eggs 
1 ‘each the paruterine organ at an earlier period. 1 think, however, 
that in my species, OtkliUmia eapodotidisy plainly belonging to 
this subfamily, this late transference does occur. 


i>y8tematic Position of Chapmania tauricollis and validity 
of genus Chapmania; 

There is, of course, no need to argue the position of this tape¬ 
worm so far as concerns its family and subfamily position. It is 
clearly a member of the subfamily Idiogeniiiaj of the family 
Davaineidce. 

This subfamily contains three genem, viz., Idiogenee, Chap- 
mania^BphyrowihoUmiia^ and very possibly my genus OtiditoiniaX. 
The most recent survey of the cliaiticters of the three former 


• Zool. Jahrb. t. cit. p. 60. 
t Swedish Exped. Egypt, pt. iii. p. 23. 
i See P. Z. S. 1912, p. 194, and ibid. 1914, p. 879. 
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genera is by Hansom^, who distinguishes the three by the 
following salient characters—^which I withdraMr from his fuller 
diagnosis:— 

IdiogeiiM .—Small worms with weak musculature. Genital pores 
unilateral (except in I, otidia). Suckers unarmed. Cirrus- 
sac large. Eggs pass directly into paruterine organ. 

Cfiapniania* —Larger worms with sti ong musculature. Genital 
pores unilateral (in C. tauricoUia), Suckers armed. Oiii*us- 
sac not large. Eggs first developed in separate egg-capsules 
and then passed into paruterine organ. 

Sphyrondkoiaaniti, —Larger worms with strong musculature. 
Genital pores unilateral* Suckers unarmed. Cirrus-sac 
not large. Eggs pass directly into paruterine organ t. 
Many rows of hooks on rostellum. 

We may leave aside Sphyroivchotcenia^ which is clearly a 
separate genus—not to be confounded with either Idiogema or 
CIiapmaTiia, With regard to the two latter the differentiation 
deducible from the above characteristics is altered to some extent 
by the new facts I'ecorded in the present communication. In*the 
fii«t place, the cirrus-pouch of Chapi}iania is not particularly 
small as is alleged by Ransom. 1 take it that the American 
helminthologist has been misled by the absence of any statement 
about the cirrus-sac of Chapmania in Fuhrmann's definition of 
the genus, while, on the contrary, Idiogmea is defined by a large 
sac. But the latter author, in his description of Da/vainea 
UiuricoUia*^ remarks $ that the cirrus-sac reaches to the middle 
of the proglottid, a statement which 1 confirm from my own 
observations §. There is, therefore, here no difference between 
Idiogmea and Chapmcmia. 1 have discussed above, in detail, the 
statement that Chapmqnim differs from Idiogema in the fact 
that the former genus dnows a series of egg-capsules in which the 
ova are imbedded before their transference to the paruterine 
organ, and shown that there is no such difference between the 
genera. There remains, therefore, merely the difference of size 
and the stouter build of Clmpmmm^ which is caused by the 
relatively and actually greater thickness of the longitudinal 
muscular layer of the body, to form a basis of distinction from 
its ally Idiogema. It is not at all impossible to regard these 
facts as of generic value; but it must be remembered that 

* Proc. U.S. Nat. Mus. vol. xl. 1911, p. 687. 

t This is to bs inferrod, as the actual trausference eras iK>t seeu in any of its 
stages by Ransom. 

I Rev. Suisse Zocd. iv. 1896, p. 119. 

I But the exact point to which the cirrus-sac reaches is affected by the degree 
and direction of the contraction of the particular proglottid examined. It is 
possible that the generic distinction has been chiefly founded upon Chapmania 
tapica, where, according to Fahrmann (Swedish £xp^. Rg^pt, pt. iii. p. 28), the 
ciiTUS-sao hardly reaches the water vascular vessel 
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variations in the longitudinal musculature are by no means 
always accompanied by other structures which -imply undoubted 
generic difference among the Cestodes. It is possible, however, 
that a simple sac«like form of uterus characterises Idiogems*^ 

I should be, on the whole, disposed to define the genem of the 
subfamily Idiogeninao as follows:— 


Subfamily ImoGENtx^Ai, 

A single par uterine organ present in the ripe proglottid. 

^phyuoxchotmnia, — Suckers U7mrmed 
Genital pores unilateraL Longitudinal 
inuscles thick. Dorsal water-vascular 
trunk ahseiit in posterior proglottids. 
Testes nmnerous^ extending far anterimdy. 
Uterus divided into chambers^ larger than 
paruierine organ. Eggs transferred late 
to paruierine orga^i. Cirrus-sac s^nall. 
(OrujiTjEmA.—Suckers xmarmed. Genital 
pores alternate. Longitudinal muscles 
thick. Dorsal water-vascular trunk present 
in posterior segments. Testes numerous, 
posterior. Uterus divided into chmnhers, 
extends dor sally into cortical layer, much 
smaller tiuin paruterine organ. Eggs 
transferred late to paruterine organ. 
Cirrus-sac small. 

Chapmaxia t .—Suckers armed. Genital 
pores altemiate. Longitudinal muscles 
thick. Dorsal water-vascular vessel absent 
in posie^dor proglottid. Testes numerous, 
posterior. Uterus divided into chmnhm's, 
which in mature uterus communicate and 
form a network, larger than paruterine 
organ. Eggs transferred early to paru¬ 
ierine orga/n. Cirrus-eae large. 
IdtogknesX* —Suckers miarmed. Genital 
pores unilateral or altemiate. Longitu¬ 
dinal muscles slight. Testes few, pos¬ 
terior. Uterus not divided into chambers, 
larger than paruterine organ. Cirrus-sac 
very large. 

* Seo also footnote to p. 438 for another posBible generic distinction, 
t In view of the network which the apenn-duct forms and the tentacles upon the 
acolex, I exclude for the present C. tapica from the above genus. 

t it will be noted that the feebly developed longitudinal muscular system, the 
small number of testes, and the simplicity of the uterus may be correlated with the 
small siae of the species of this genus. 


B. 7^wo rows of 
hooks on the ros- * 
tellum. 


A. Ten to twelve | 
rows of hooks on i 
the rostelhan. ! 
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I may point out, in oonolueion, that the “‘SS 

Text-figure 6. 



Horizontal section through immaturo proglottids, shoving position 
of gonads. 

cMdfcCitruMac. U. Latml w»tw-VM«lar tub., o. trt. Twte mor.. 

thickly diipoMd on the rid. »wiy ftom th. pore. rjJ, annwene wrter- 
vessel. 0.^. ViteUine gland. 

of rostellar hooks. There is, fcr instence, a close resemblance 
hekweeaMaMorntra and ito allies scd which jiws^ a 

single paruterine organ, on the one hand, and between IlBmokkeem 



AVJAN fESTODKS. 


44;{ 

and Iuennicapsifer and Davainea, with many “ egg-oajisules/’ on 
tlie other. In tliene instances the loss of the rostellar hooks would 
need the reference of Davaima to either ZschokkeeMti or Irhermi- 
capsifer^ and of IdiogenestQ liltahdomHra or one of its near allies. 
The relation is quite like that between Tceniarhyncha {mns. strict.) 
and Tmnia, In Tfcniarhyncha^ a genus forrne<l to include the 
hookless Tcenia saguiata^ we have a ty 2 >icel Tuenia, differing only 
by the character mentioned and the corresf)ondingly reduced ros- 
tfdlum. It is, therefore, very important to ascerWin jiositively 
the presence or absence of rostellar (and other) hooks in view 
of the above relations. This task is -' iny experience with 
(Jhapnianin teaches me—not always easy. I have carefully 
re-examined the scolex of my s[>ecies Zschokkeella gamhiana in 
order to set doubts at rest. 1 am still unable to find hooks 
thereon, and cannot, therefore, alter my opinion of its systematic 
position. 


Peoc. Zool. Sac.—1»16, No. XXXI. 
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34. Minekihia ; A Haplo^^poridian. J>y Hklex L. M. 
Pixbll-Goodj<ich, Jj.So., Beit Aloinorial Resoareli 
Follow 


[Hoceivwl April 9, 1915 : Head May 11,1915.] 

(Plates 1. k Jl.t) 

The genus Muhchinia (Jiubh^) uinloiihteillv' lielongs to iho 
HaploKporidia, iilthougli it hiis invarialily lietui phuvd among the 
Coceidia. Schaudinn (17» p. 276) went so far as to include tJie 
genus in that of Addea^ ainl in this ho was followed, tentatively 
only, by Doflein (7, p. 744). 

Aiimhinia chiloma Lankester is the/ only well-established 
species; other so<callod species will be <lealt with later. Tliis 
jmrasite was first rcconhsl so Jong ago as J885 b> Ijankester (11, 
fig. 12), who found it in the liver of fltUon and gave a drawing 
of tlie spore under the nniue of Kloada chitoinm, Ijabho (9) ex- 
Htnined the same [larasite in 1896,and. recognising its distinctive 
cliaraeteristic.s, made it the type species of a new genus, which ho 
iiainod Minchitna in lionour of Prof. Minchin. The sjiorc has a 
thick chitinous coat an<l an outer iiiemhiwnous ^•nvelope produc^ed 
into a long tail at either end. 

In 1897 L<‘ger (13) describeil a new <\)c<*iiliaii J)nrrov*<na 
O'lUf/afa wduxse sjiore w’as s.»id to be piovided wilb a long tad at 
one of its poles, thongli, so far as I can inaki» out, it lias never 
been figured. In a subseijuent communication Ijcgcr (14, }). 7 
footnote) |K)inted out that this form, paiiiMtic in Liifuthui^ mto'tun\ 
bad aflinities w’itli AJinchhua^ tbongli lu* dnl not lecominend 
connecting the two forms. Jn spiU* of this, Jjabhe in 1899 (10) 
included this species of JiarrouHsia in his new genus as Minchmia 
otmdMa, lu 1898 J^oger (15) described the flagellated mici*o* 
gamete l>elonging to this species, which is undoubtedly OcKTidiiin 
in type, Therefoie Jiarroussia caudata, a true CWcidian, is no 
longer to be iticludetl in the genus Minchinhi. 

Patella and Trodms w^ere also given by Labbe as hosts of 
MinehiMa^ although he seemed undecided whether or not these 
contained the same specues as ('hUo)t, Ko flgur«»s of tliese 
parasites were given excefit one of a tropbo/.oite fiom Patella 
wliicb ap{>ears to be Coocidian in character. Tlierefore it seems 
likely that this PateUa |)ai’asito may also turn out to have no 
I'elationship with MinehAnia, The specimens of Patella anti 
Trochus that I have examined have not been infected at all, 
although some specimens have been tiiken from exactly the same 
locality as infected Chiton. 


* t'otnmuiMCfit^ by tb«» Skcsbtiky. 
f For <u]i]iiiiiitiou of tho Flute, mk p, 450. 


31* 
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OctJURRExcE OP MiscutyiA IN Chik* V. 

During the la.st four or five years I have searched Chiton from 
Plyiiiouth and other parts of the British coast, as well as from 
parts of the Pacific and Mediterranean, for traces of this parasite, 
and it was only in October Inst that specimens of Chiton at 
Plymouth were found to be strongly infected. The species of 
Chiton so parasitised was CvaspedocMlm cimrem (Linn?)* from 
lium Bay, not AcanthocMtes {Chiton) fmcimlaris (Linn.), stated 
by Labbd to be the host at Roseoft*. In fact the latter species I 
have never found to be infected. From this locality, out of 135 
specimens of Craaimlochilns dnerem examined, 85 have had a 
more or less a<lvanced infection. This proportion of infected 
specimens, roughly two-thirds, does not coincide with Labbe’s 
description of Minchinia as a pai asite. However, these figures 
only refer to specimens of Craspedochilna cimreus fi‘om a smnll 
stret(di of const near Plymouth called Rum Bay. Perhaps the best 
gi’ouml for the collection of Chiton in the Plymouth district is 
the mouth of the river Yealm ; here, however, the specimens a.re 
small only, and out of tw’enty-tive not a single one has been found 
to be infected with Minchinia. (Jliiton (two only) examined fi*om 
Wembury Bay have also been free from infection. 

The infection is thus shown to be very localised ; whether the 
Chiton in Rum Bay arc suflering from an epidemic of this 
parasite, or whether Mimhinia is endemic to this locality, could 
only be determined Viy an investigation extending over s(»veral 
years. 

The parasites have so far only been recorded fj’om the liver; 
they are, how^ever, not restricted to this organ, but latei* overrun 
all the connective tissue. They are especially numerous between 
the lobes of the liver and the interior projections of the walls 
of the so-called sygar-glands (Zuckerdriisen). Infection then 
spreads to the wall of the gonad, radula sac, gills, and blood-spaces 
in the foot. Cases of advanced infection can nearly ahva>s be 
detected without dissection, l)ecHuse cysts full of spores can be 
seen in tlie gills and through the epidermis of the foot. 

In such favourable positions^ lying immersed in the host s blood, 
the parasite has every opportunity of nourisliing itself, and 
during its rapid endogenous multiplication the liver becomes 
gradually deprived of its rejnen’-e food materials. In early cases 
of severe infection the presence of numerous colourless plasnuxlia 
and young cysts gives a white appearance to the liver, which is 
normally brownish. As the cysts become filled with brown 
chitirious spores they appear black by reflected light, and conse¬ 
quently a liver with a severe infection at an advanced stage is 
quite black, as well ns being enormously enlarged owing to the 
bulk of parasites between the lobes. The liver-cells in such 

* [The parentbeges around the natnee of anthorn placed aftiAr scientific names in 
this paper are used in accordance with Article S3 of the International Rules of 
Nomenclature (Proc; 7th Int. Cong, Boston, 1307, p. 44 (1912)).—Kpitor.] 
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advanced cases were found to have lost their le&erve food aiul to 
bo mucli I’oduced in sizt». in spite of the necrotic condition of 
this organ, however, the life of the Oliiton appealed to be little 
affected—at any rate, in captivity infected specimens sometimes 
lived longer than non-infected. Ko observations .‘ip{)ear to have 
been made on the normal length of lih^ of a Chiton, po.ssibly it 
may he groat. Quite small specimens are often sexually mature; 
on the otlier hand, strongly infected specimens are nearly always 
very large—some of them the largest speeimens evei* seen at 
Plymouth. Could it possibly he that dev elopment of MinchhiUi 
in a (Uiiton eanses the whole animal to hy}>ertroj>hy ! On the 
whole, adult forms were better infected than young ones, as would 
be expected. I have not seen the earliest stages of infection, but 
])resumahly the C^hitori become infected when feeding: they are 
said to he entirely vegetarian. Lahhe has figured three (10. text- 
lig. 107) so-ealled sporozoites in the livei-cells; p.ossihly one r»f 
them is scniethiiig (»f tlie kind, the othca* two app(»ar to he the 
normal eontenfs of the liv<*r-eells. Many expei iments by which 
1 have tiied to infect CHiifon artificially have given negative 
results. Pipe spoi'es have not been indneed to open when infro- 
dueed into tlie vcsophagus or placed in fluid from diflerent regions 
of the alinientaiy <!aiial. Therefore we seem forced to the 
eoncln>ion t.hat there is another host: thi.s, at the 1 eginning, 
seemed nnliktly: first, because the spores as developed in 
Chiton are so admirably adapted for an external fiee e\istenc<*, 
and secondly, it is not easy t<» see how such an animal as Chiton, 
which fecMls on plants, (*(*nhl easily heeonu* infected frean other 
animals. (Certain other facts in this connection aie given below 
after the description of tlie spores. 

M ETIJODS. 

Bonin’s picro-foimol-acetic mixture was found to be the best 
iixativ’C for infected tissue, since this penetrates t,o a certain 
extent even into ripe spojes. Thesjiecial methe.dsajjjilicd to these 
spores will, however, be desciihtd later wljin coiisideiing their 
structure. For general ])urposes picro nitric ami corrosive 
sublimate mixtures weie also satisfactory. Owing to the small 
size of gametes, sporoblasts, and yv)uiig spores, it was nccessaiy to 
have tliin sections (3 4 p), and when there were many ehitinous 
spore.s this w^as not easy. Breaking of sections was sometimes 
prevented by ])aintiiig with collodion. For following the 
development of the spores it is essential to have living material, 
and methyl-green and acetic acid mixture was used for temporary 
preparations. Numerous covxn'slip films and smeais stained 
w’ith Giemsa W’ere also used for studying the ilevelopment. For 
staining films and sections iron hapinatoxylin or haunatein mefhods 
are of course most useful; water solutions C6*rtaiiily seem to give 
better results than the alcoholic ones recommended by Leo (12, 
p. 166) and others, though by the latter staining is more speedily 
effected. The ehitinous substance forming the spore coat stains 
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very intensely by these methods, which are therefore not always 
convenient. In these cases Ehrlich’s, Mann’s, or Delafield’s 
luenintoxylins have given better results. Carinine stains have 
always j)roved disappointing. As a rule coiinter'Staining was 
not found to bo an advantage, the cytoplasm l>eing sufficiently 
stained by the hiematoxylin. 

PnASMOTOMY. 

All Chiton“examined from October 1914 to April 1915 were 
heavily, if at all, infected. In only two cases w'as endogenous 
multiplication still proceeding, and these specimens were obtained 
and fixed during October. One of these ((Jhiiou V) contained 
also many stages in sjK^rogony and even some ripe spores; the 
other ((Jhiton X) was crow’ded chiefly with plasmodia, wdiich gave 
a white appearance to the liver. Most of tlio jilasmodia were 
irregular in outline, but they varied nm(*h in slnipe and size 
(PI. J. figs. 1 & 2). Scattered through them were nnelei con¬ 
sisting of masses of chromatin, round each of wdiich could bo 
distinguished a clear space. At lliis stage the nucleus has no 
sign of a meinhrane. Frequently these nuclei vvei‘e dividing by 
a simple method of mitosis. Jn vain have 1 searched through 
hundreds of sections to find any tniee at this stage of tlm beantifnl 
sfundles which have been figured for some Ha}>los[»oridia (21(18). 
8war<‘zew>ky states that Chntton (5) must lane missed tlumi in 
CauUen/a mesnili ; but such does not necessarily seem to be th(» 
case, for I do not tliink that they can have been passed over in 
AHvchinia, 

When about to divide, the mass of chromatin sepaiates into 
two }Mirts, which gi*adually move away from one anollier, but for 
some time are connected by a slender threa<l (centKxlesmose). 
It has not been possible to demonstrate the eei>tiohoines eon- 
taineej in tliese chfoniatin masses by means of diflei-eutial 
staining, although one W'Ould expect them to be present. 

When a plasniodium has attained a certain size, or from other 
causes, it bimks up into daughter plasniodia, each with seveial 
nuclei (fig. 2). Ail these trophic stagt^s are quite naked and 
their outlines genei*ally irregular, it seems ch*ar that they flow 
along to some extent, pi'obalfly only v<*ry slowly, by putting foitli 
pseinlopodia. Sometimes between closely apposed lobes of the 
livei' a plasniodium becomes veiy elongated and narrow (fig. 1). 
No clouht want of s|)ace often determines the breaking up into 
daughter jilasniodia. It is rare to find one longer than 100 p or 
wider than 50 

During this emlogenoiis multiplication of the parasite the 
host’s phagocytes liecome very active and multiply rapidly, some¬ 
times forming clumps. They appeiir to make a vain attempt to 
engulf the parasites, and occasionally one is observed flattened 
against a plasmodinm* 

Tlxei'e is a ceitaiu amount of evidence to sliow that solid 
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particles can be ingested by the plasinodia as by an oi*dinary 
ariKiiba. Masses of fibres staining blacik with iron haBiiiatoxylin 
may sometimes be seen enclosed in an active plasmodium. They 
either disnppear before encystraent, or sometimes they may be 
extruded in a mass directly after the formation of the cyst, and 
become compressed between it and the parasite. Further, certain 
<lee[)ly staining granules are generally contained in the cytoplasm, 
round which no clear space can be observed as round a nucleus. 
These granules are easily distinguished from nuclei when the 
latter assume the vesicular form after encysting (PI. 1. figs. 1 
ik gr ), although it is almost impossible to distinguish tliem 
before tins change is alTocted. Caullery and Mesnil (2, fig. 11) 
saw similar (jbromatic bodies left over after the nuclei bad become 
vesicular, but interpreted them as degenerate nuclei. In 
Mhtchhiin they secmi likely to be iinassiiniiated particles, possibl}' 
remains of host-cells, taken in during the active life of tlie 
plasmodium. Ju one case it was pmctically certain that the 
parasite had ingested a host-cell —apjiareutly a pliagocyte ! In 
many cases these cells apply themselves so closely to a plasmodium 
that it is difficult to see any boumlary between them (fig. 2). 
(hienot (6) has recently given some useful information about the 
aetivit-ies of the jdiagocyies of Chiton, and usually theie is no 
difficulty in <listiiiguisbirig the nucleus of one of these cells from 
a |Mnasit,e nucleus. In Minchinia^ howevei*, certain plasmpdia 
occasionally api»eared at fii*st sight to be giving ofi’buds in wJiicb 
the nucleus had assumed a vesicular form ; but after further 
study I am convinced that these specimens were really only 
[)laMno<iia to which liost-cells were endeavouring to attai'li them¬ 
selves. (lemmation has, lamever, been described by •Swarezewsky 
(18) as a i!Hi(b^ of refirodnotion, in (ulditioii to plasiiiotomy, in 
ccrtiii n 1 c^l it «isiKiridia, 


Hpouugony. 

(1) Formation of ga mHes, 

AVhen the host has Ix'come strongly infected most of the 
plasmodia draw in their pseudopodia and become rouiuh‘d off and 
encysted. It seems possible, fnim the considenition of aftei -e\'ents, 
that twxv plasmodia may mingle l^efore encysting, hut no direct 
evidence has been fortbcoining on this point. A thin pellicle is 
secreteil, but in most cases this is soon covered and obscured by 
the host’s ammbocytes, which apply themselves to it. becoming 
gradually flattened out to form a cellular cyst around the pirasite. 
This cyst is generally only one cell thick (PI. I. figs. 3 tk 4^, and its 
nuclei become more and more flattened with gi*owth. Occasionally 
there may be four or five layei’s of cells forming a tliick cyst 
round a pai^asite, but this is an abnormal condition. Tiie cysts 
are spherical, and vary very much in size, Imt they are not 
generally more than 75 g, or less than 40/i, in diameter, llie 
nuclei assume a vesicular form, and probably enter u])on a resting 
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stage. Tins change is affected by the breaking np of a mass of 
chromatin into granules, some of the smaller ones of ^hich pass 
to the periphery, where a distinct membrane appears. The 
cential chromatin generally forms two or three distinct masses, 
often connected with the membrane by fine strands. These 
-N esiciilar nuclei nie more or less oval, and their longer diameters 
are slightly less than 3 p. 

Occasionally, forms liave been seen in wliich the nuclei are 
iimssi*d in tlie centie, leaving a clear perijiheral liortler of 
cytoplasm. In addition tlu're is sometimes a ca\ ity in the middle, 
hilt the nuclei nie not an-anged in a definite single la}er round 
this CRAity ns described by Alexeieff (1. p. 36, fig. 4) for his 
plasm odes hlastnloides ” in Ichthyosporhnv (f aster oph Hum. In 
Miucinnia the occurrence of the ceninil cavity, at any rate, 
ap]»ears to bean artifact. 

When preparing to divide n nucleus of this vesicular tjpe in¬ 
creases in size and a bundle of achromatic thrcatls appeals along 
the greatest diameter acting as a kind of spindle. The chi oinntin, 
after arianging itself on this spindle, is di'ai^n to the ])oles. The 
vesicle then constricts in the middle, and the two ends aie finally 
nipped off as daughter nuclei. This process has been heaniifnlly 
figured by Oi*anata (8, Plate 3) for JIaplosporidhnn limuodrili, in 
which, according to the magnification given, the nuclei aie con¬ 
siderably larger than those of Minchiula. 

After a time the cytoplasm sejiarntcs and collects round tbf'^e 
nuclei either singly or sometimes in clumps of fiom two to se\en 
or eight. Occasionally a dozen or so diffeient sized mahsc*s ha\e 
been seen inside a cyst and have been set free h}*'hoisting it. 
When compressed, these masses aie seen to contain ^aiding 
numbers of nuclei. Ultimately, however, sucli mnltnnic*lear 
masses are resolved into uninuclear bodies ^hich ap]?ear at times 
to be distinctly ammt>oid. These are the gametes. No rt'sidnnin 
is leftover except the’**chromntoid granules, which do not become 
transformed into vesicular nuclei as already clescnb(d. 

(2) Syngawy and f<n*mailon of zygotes. 

The gametes proceed to pair. Fusion of their cOoplasm first 
takes place to foim a single body with still sejmiate nuclei (PI. I. 
fig. 5 a) for which the term Prozygote has I cen pi*oposed (16). 
OaulJery and Mesnil (2) hesitated to gixe a definite opinion as to 
whether similar bodies with two nuclei in some of tlieir Haplo- 
sporidia represented forms undergoing dhision or gametes under¬ 
going syngamy, because they also found masses with four nuclei 
in some cases. The same difficulty presents itself in MinchInia ; 
but, after prolonged study of living stages and caieful measure¬ 
ments of the different sized bodies and nuclei contained in cysts, 
the above seems the only possible interpretation. Caiillery and 
MesniPs foims with four nuclei (2, fig. 43) seem to be stages in 
the formation of the sporoblasta as described below (figs. 7 k 8). 
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After some time haselspsecl tlie g^ainete nudei in tlie prozygote 
approach one anotlier (fig. 5j^)and fuse to form the syncary on 
(fig. 5 c\ Tlie zygote so formed Hpj)ears to be produced l)y 
autogamy. 8nch may not be really the ease, however, foj* it is 
quite possible that the gamete nuclei niayliave been derived from 
distinct parents. Either two plasniodia ibii ing their wanderings 
may have come together and their cytoj)lasni fused before 
encystinent (plastogainy), or there is some evidence in other 
Neosporidia to show that the aimehnla^ fuse in pairs on their 
(»S(*ape from the spore. In the latter case probably their nuclei 
dio not fuse hut divide independently, and idtiinalely syngatny 
takes place between gamete nuclei foinied in equal numbers from 
oadi parent. 

(.*1) l^ormation of sjmres. 

Tlie zygotes generally proceed almost at once to divide twice 
(PI. 1. figs. () tfe 7) to give four sporoldasts : division is (‘fleeted 
liere again )»y a simple inethorl of mitosis. As a rule, the nuclei 
go through both tlieir divisions h(*fore the cytophism divid(*s, so 
that the stage with four nuclei (F^l. JJ. fig. 8) is (piite common, 
hut sometimes division of the cytoplasm follows after the fiist 
nuclear division. Also,these divisions are not always simultaneous 
even in one and the same cyst, therefore there may Ijc enclosed 
together with free sjiorohlasts masses with two. tliree, or four 
nn(d(»i. and eviai an undivided zygote. 1’his fact added much to 
the dilliculty of elucidating the life-history of Miifchinia, 

The sporohlasts when first separated nvo very small and their 
ju’otoplasin rather vacuolar. They soon begin to secrete a mem¬ 
brane wlii('h is prodiK’ed into a sliort tjiil at either end (JN. IJ. 
figs. 10 11). 1'h(* young spore tlieii grows considerably: presiun- 

ably the membrane is so thin liiat it does not prevent the 
absorption of food. WJiilo still quite small its nucleus divides, 
giNiug otf a parietal ma.ss of chromatin (figs, 9a tk \)b) uhich 
sometimes divides into two (fig. 9c) Tlnsse parietal nuclei or 
masse.s of chromatin, for pos.sihly they are not. true nuclei, me 
very distinct at this stage. TJieir prominence, liowever, is \ery 
transitory, for soon after they are masked by numerous other 
chromatic bodies which are given out by the main nucleus. 
Probably the parietal “ nucleithemselves also hivak down into 
similar chromatic granules or globules. These are highly re- 
fringent and pass to the peripliery, where t lu^y arrange themselves 
to form the chitinons spore coat, as will be more fully explained 
later. 

At the stage when these globules are passing out in a centri¬ 
fugal direction there arises in the cytoplasm, near the nucleus, a 
homogeneous finely gninular spherule (PI. IT. fig. 14). 1 have 

no evidence that this comes actually from the nucleus as described 
by Granata, (8) for Ifaplogpondntm limnodrili. The sphende is 
distinguished by the fact that it stains only slightly and takes up 
its position just underneath the operculum. Unripe spores open 
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fairly easily when treated with certain reagents, methyl-green 
acetic mixture for example. From a young sjK)i*e under theae con¬ 
ditions the spherule makes its way out as soon as the operculum 
is raise<l. Similar bodies have been mentioned as occurring in 
many Haplosporidia. In Minchinia the spherule is very large at 
the stage when the spore coat is nearly completed (figs, 13 & 14), 
and after this appears to gr^adually diminish, until in the ripe 
spore it is generally not to be distinguished at all. I\)ssibly it is 
composed of some kind of x^erve food on which the developing 
spore can feed as soon as it is cut off fr*om the outer world by the 
formation of its thick chitinous coat. 

During the deposition of the substance which forais the chitin¬ 
ous coat thei‘e is a considerable shrinkage of the nucleus (figs. 12, 
Id, 14). Although the substance appejirs to come directly from 
the nucleus it is not presumably similar to chromatin in com- 
|K>sition. In the living it is more refringent. When the globules, 
w'liich arrange themselves at the periphery just inside the spore 
membrane (fig. 14), are sufficiently numerous tlmy begin to run 
together. Ultimately a continuous layer one mici'on in thickness 
is formed all round the spore (figs. 13 «k 15). This is at first 
colourless, hut later becomes light brown but remains translucent. 
In its behaviour to certain stains this substance also diflers from 
chromatin. Although it st^iins densely black with ii'ori hanna- 
toxylin and red witli safiranin, the moi*e selective nuclear stains 
such ns Ehrlich’s, Mann’s, and Delafield’s luernatoxylins do not 
stain it nearly so intensely as chromatin, In Giernsjipre])a]*ati(>ns 
tlie membranous covering of the spore generally stains red and 
the inner chitinous coat blue, not red like the nucleus. 

The chitinous substance is very resistant: like true chitin, it 
is not dissolved by boiling in strong caustic potash (30 ^/„); hut, 
on the other liand, it does not acquire the characteristic mauve 
eolom* shown by chitin with the ioiline in [)otassium iodide and 
zine cliloride test. Tbiis it must be concluded that while closely 
resembling, it is not identical with ordinary chitin. 

(4) Spores, 

I he ripe spores vary a good deal in size but are always oval, 
and when living generally al)out 10 /i long and 6 p wLflo, Tlie 
largest ineasui'e<l was 13 ^ Jong and 8 p, wide. The latter giant 
s^>res seem to be distributed promiscuously ; that is, there is no 
distinction of cysts into those containing mao osporifs and micro¬ 
spores. Normally the tails into which the outer membrane of 
the spore is produced are about four times tlie length of the 
spore,^but they are more or less brittle, and often become broken 
ofi. The chitinous coat is thick and very resistant. It can 
be softened in vm’ious ways, e. g, immersion in Eau de Javelle 
or weak formalin, in order to make it sufficiently permeable 
for its contents to be stained^ Formalin (47,, foi-maldebyde) is 
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©Specially fjood for this purpose, and when followed by Elii*lich’s 
hwmatoxylm enables the sjKn-© luuileus to be well staijied. 
Prolonged inimersioii in distilletl water had no apparent ©fleet on 
the spore. Icwline stained the ehitinons coat yellow but otlierwise 
had no result. Adult sjiores were oeeasionally induced to open 
by pressure and reagents combined (PI. IJ. fig. 16). The oper¬ 
culum always opened away from the tjiil and turned inside out, 
hut lenniined attached by the outer membrane, which acted as 
a hinge. 

A[)parently the spores of Minchuhia are set free only by the 
death of the host. 

From the structure of the spore one would expent it to be 
<lcstined for a prolonged free existence in sea-w^ater. It lias been 
proved exp<U‘iinentally that the spores can remain for months 
apparently uncliangod in water, and ean also mnlergo tlrying to 
some extent. Tso snccesu, howiner, has been obtained in attempts 
to make tliem infect other Chiton directly. Jdxing spores have 
resisted all attempts to make them open. On some occasions 
spores liave bemi introduced into the (csopliagus of a Chiton by 
means of a very fiiuj pipette; on anoilier occasion a few' spores in 
a tiny piec<‘ of blotting paper tied with a fine silk thread were 
introduced into the Q'sopliagus of an uninfected (diiton, hut on 
removal aftcu- several hours w'ere found to he (piite unciiangeil. 
At other times spores, after being in se.*i-\vater, have i>een mounted 
with t(*ased jiortioiis fi'om different regions of the alimeniary 
canal, all with no result. One such })reparation sealed up on 
Noxtunber 27tli, and another on DccemlHU* iHtb, lost all bacterial 
infection after a few days, ami were on Marcli 22nd quite sterile 
with the spores nm'banged, 

I'ninfected specimens of Chiton wei*e also kept during March 
and April umlei* conditions as norm.al as possible except for tlie 
presence of numerous sjiores of Mivchinia in tlie water. Although 
tlie (/hitoii ate tlu' fncus to w'hich spores easily adhere, they did 
not become infected dining se\en weeks nor were any spores 
found in their alimentary canals^. 

Attonqits W'ere then made to infect other animals from the rocks 
at the same zone w'itb the spoies of Minchiuia. as it was ihouglit 
tliat ])ossibly sliore fish, etc. might become infected in this way 
with another vegetative stage of Minrhlnia, Ow ing to 1 he oouHesy 
of tlie Director, these experiments have been carried on in the 
Marine Biological Jjaboratury, Plynioiitb, and 1 am iiidelited to 
Mr. A. J. Sinitli for much valuable assistance. In each case stones 
with several Chiton attacheil were introduced into large tanks 
through wdiich water was circulating and containing the animals 
being experimented upon. 'J'lie results of tiiese experiments were 
as follows: ~ 

1. These fisli attacked the Chiton readily. All stages 
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of Minchinia wei*e digested except the ripe spores, which pass 
through unchanged. It is of interest to notice that the shell of the 
Chiton passed through undissolved, the eight plates reappearing 
generally unbroken in the ffeces, whereas in the case of Pomatoceros^ 
which is also readily torn from the i^ocks and devoured by the 
Blenny, the portions of tube eaten were softened if not entirely 
dissolved. This difference is, no doubt, due to the greater pro¬ 
portion of insoluble organic matter in the Chiton shell. 

2. Rockling, —Chiton left undisturbed for 7 days. 

.*1. Oohy, —One Chiton bitten off, but none eaten during 8 days. 

4. MoteUa, —Chiton left undisturbed for 12 <luys. 

5. Crab {Carcinus mcr/nm) devoured Chiton readily. Allsbigea 
of ilfwere digested except the spores, which jiassed through 
unopened. The tails of the spores were often bioken, for, as a 
l ule, the spores were freed from their cysts. 

G. Pm'pura .—Chiton left undisturbed for over a monih. 

7. Star-Jiah (Asterias glacmlis)- 6 Chiton out of 8 eaten in 
10 days. Minchinia ainn-es found in alimentary canal showed no 
signs of opening. 

8. Sea^Crchiu {IHchinus miliaris), —Chiton left undistuihed for 
13 days. 

The passf^ge of the spores through the aUnientaiy (anal of the 
Crabs and Blennies lasted at most three days. Doubtless in this 
way they are disseminated, but they do not appear to b(^ changed. 
Experiments to induce spoies, recovered from the fseces, to o])en 
in the digestive fluids of Chiton were no more succe^sf^d than 
with fresh s^wres. 

From the description given above it will berlcarthat Minchinia 
has aflinities with Crof< 2 fori(ViUm and IlQjHosjioridimn and belongs 
to the family Huphnsporiidje of Cunllery & Mesiiil (2), wliieli 
Leger and Duboscq (15a) also recognise as a ■welbdeflntd gioup. 
There is tlierefore no need to enter here into tJi(» controvei^y as 
to whetlier the Haplosporidia taken ns a whole, as (conceived by 
Caullery and Mesiiil, is a rational group. Doubtless, as these 
authoi*s were well aware, some rearrangement will he necessary 
when more is known as to the life-history of these strange forms. 
Cep^ide (3 & 4) in 1911 and 1913 briefly des(;rihed a curious Haplo- 
sporidiaii from JDonax, unfortunately without giving any figures ; 
owing to the presence of a surrounding cell in the young sjjore he 
seemed to think that the term Uaplosporidia (aTrAovk, simple) 
was not suitable, and suggested renaming the group Acnidosporidia. 
There appears to he no need for such a procedure, the Donax 
parasite and also Mimchinia^ in which the young spore likewi.se 
shows an indication of a parietal nucleus, have simple spores in 
compai-ison with those wdiich possess polar capsides. At any rate 
it .seems most inadvisable at present to encumber with new names 
and classifications the already complicated literature of these 
forais when the majority of their life-histories ha^e never been 
at all satisfactorily investigated. 
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SfUiwmr)/, 

1. The MinMnla is here shown to helonja; to the ilaplo- 

Rporidia, instead of to tlie Coccidia, among wliich it has been 
placed since it was established by Lahbe in 1896. 

2. Its life-liistoiy in Cliiton consists of two stages, a tropliic 
and a sporogonic. 

3. During the trophic stage a iiiultimicleate individual divides 
by a process of plasniotorny. 

4. During the sporogonic stage a plasinodiuin beooinos encysted, 
forma gametes, which fuse in paii^s aiitogamy, set? page 451) to 
give zygotes. Tlie zygote breaks up into four sporoblasts, eacli 
of which acv|uirea an external uieiiihrane ilrawn out into a tail at 
each end, and later a thick chitinous coat immediatiOy inside the 
nitMid)ranous one. 

5. Crabs, Blennica, and Star-fish eat Chiton, hnt the spores of 
Min>rhinia pass through unchanged, and are in this ^\ay 
ilisseminated. 

Thf MiisiMuiiN, 

()\binl. 

T\S.' -Since writing the aUwe many (fiiitou have been kept 
h(‘re in Oxford with li‘ee spores (»t .Mntchinia in aeraied sea-uati'r. 
After three oi* four weeks numerous unopened and unchanged 
s]>ores, often emdosed in fjecal pellets, were found in the intestine 
of several of the (fiiiton. These, which included uninfected and 
previously infecte<l specimens, wero carefully examined and some 
wt're t*ut in serial sections, hut in no case did the spores sliow 
any sign of opening. All organs of the speciimms not pre\iously 
inb'cteil wero <juite normal. 

'rhis failure of the spores to open \\hen eaten naturally by 
(Jhiton, confirms the imgative results obtained in the above 
ex|)eriinents, and we seem forced to tlie conclusion that the .spores 
of Miuchmia do not open in any part of tin? digestive tract of 
Chiton. 

Of course there is the possiliility that free spores may be taken 
ill by some iniiinte animal in which they germinate before passing 
back (perhaps by accidental swallowing) into another Chiton. 
However, no evidence is forthcoming on this point at ]>resent, 
although several Neosporidia have been alre idy descrilu-d from 
small marine anirnsils. 
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EXPLANATION OK THE PLATES. 

TnleMH othervviKe Atatod. the h^rureR were drawn with a camera lucida from pre¬ 
parations stamcnl with iron hamiatoxyliii. 

Letter iuff, 

e., rynt; e/i., chitinous coat of spore; , dauf^hter plasmodinm ; ^^arneto; 
yr., chroinatoid granule; A., host-cell; 9 t.,iiucletie; o., opeirnhiin ; e., aporu- 
hlnst; 8p,f apheriile; tail of spore. 

PjLATS I. 

Fig. 1. Section of a small PlaHmodittm of Minchinia with psendopodia and several 
nuclei, some dividing. X 1000. 

12. Another Kpccimoti showing I’laNmotomy : </., Kinall daughter plasmoiliuin 
partly covered hy dividintr pannit form; h„ host-cells (phagoevtes). 
X 2000. 
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Fig. 3. Portion of » section of sin encystwl pnrasitc beginning to break up into 
gametes: c., cyst with host-cellH Hattened against it; //., aiiKelmid gamete. 
Stained Khrlich’s h»>mato\ylin. X ‘ilKMi. 

4. Portion of a cyst containing free and conjngnting ganiett*K. X 30()(). 

6. («) Pro/.ygote formed by fusion of the cytoplasm of two ginnctcK. Stained 

Ehrlicira hiematoxylin. (h) Zygote Hhowing formation of synr.uNon. 
(c) Zygote with Hyiicaryon. All X 3iK)(). 
t». Zygote allowing first division of the Kym-arvon. x 3i)i)0. 

7. Later Ktage: ammd division nearlx ri»mph*te. X 30'X). 

Pj.ATl? JI. 

Fig. 8. Portion of a cyst showing two stages of division into the four sporohlasts • 
a., free sporohhists. X 3t)00. 

it. Stages in early spore-forniation from seetions. x 3«KK). Sltnw ing he- 
gimiing of mu-lear activity; (/>) sliowiiig smgle panetal nuch*us ; 
(r) showing two Mich hoilies and a ]>ortion of the memhraiums roat and 
tail cut through. 

10. Young living sjairc from a cyst - the clearer space indicating position of 

micleiis. X 200(). 

11. Slightly older spore ais<i drawn from the liiing. X 20<K). 

12. Vonng sj»ore with large nucleus giving off chromatic bodies into cytoplasm 

X ••KXH). 

13. Optical sectifOi of a spore nearly full grown and with chitiiioiis coat (cA ) 

almost eom]»lete. MtMiihraiioiis tads if.) cut tlirough Kpheinie (sp ). 
X 3000. 

11. Optical section ot a frc<* s]Mne at stage between thosi* re]n(‘sent«*(l lu figs. 12 
and 13, showing chromatic granules arranging themselves just inside 
liiendiraiie to lorm chitmons coat. Slightly tlattemsl hv cover-glass 
X 2tHK). 

ir*. Adult spore drawn from the living. X loiKi. 

lU Spore opened by means »)t pr<ssure ami reagents, x lOttO. 
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Introduction. 

The following piece of work was undertaken at the suggestion 
of Professor J, Hill, for whose invaluable help in carrying it 
out 1 am deeply grateful. The embryos studied are all from his 
collection and text-figs, 1 aiul 6 were made from photographs 
taken by him. 

I wish also to thank Miss E. A. Steele for her beautiful 
figures of the model (St,age V.) ainl Mr. F. C. Pittock for much 
help in making the model. 

The material affords an excellent opjEjiliunity for the stu<ly of 
the mode of development of the pleuro-pericardial canals, the 
origin and differentiation of the endothelial heart-tubes, anil the 
method of fusion of the lateml piimordia of the heart, and it 
was in the hope of making some progress towaixls the solution of 
the interesting problems of ea,rly cai-diac develoj)ment that the 
work was undertaken. 

The general arrangement of the pericanlium, heart, and aoi'ta 
in the early stages (viz. Stages I. to lY. inclusive) can be 
accurately determined by graphic I’econstruction. Figui-es 1 to 5 
(PI. I.) were all obtained by this method, and are intended to 
give some idea of the relations of the |)ericardium and heart to 
the gut and the brain-plate in successive stages. 

In the next stage (Stage V.) the curvature of the heart makes 
it impossible to represent the relations of the paints accurately in 
two dimensions. A wax-plate reconstruction was therefore made 
(see PI. II.), and as all the vessels of the head which were 

* Communicated by Prof. J. P. Hru, D.Sc., F.R.S., F.Z.S. 
t For expHanation of the Plates see p. 499. 
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l ecognisable as such were included in the model, a certain amount 
of light was shed on the development and early relations of the 
cardinal veins and aortic arches. The following account there¬ 
fore dejils not only with the development of the heart, but also 
with certain facte relative to the early development of the 
vessels of the head. 


Description of Stages. 

Stage I. Peramelea ohemla (1 Z). 

Dasyurus viverrinus (7*5 mm. vesicle). 

The material for this stage consists of four embiyos of PerU’- 
meles obeaula, one cut longitudinally and three transversely, and 
several of D. viverriuua» 

(a) Peranielea oheavla> (1 Z). 

* Total length of embryo A in curved condition=6*08 mm. 

In this stage there is a flat brain-plate with an extensive neural 
crest proliferation in the cranial region (text-flg. 1, N,CJ\ (T.(?,)). 

Text-flgure 1. 



' Peramele$ ohetula (1Z). Dorsttl view of embryo A. 

Av, Area vB(»culosa. XJV. Lateral mesoderm. JV.C.P. (T,G.), Neural crest 
proliferation (primordium of trigeminal ganglion). S. Somite. A, Ai, Level 
of section represented in texUiig. 2, 

There are four distinct somites (S,): behind the fourth is a 
somitic thickening with an indistinct posterior limit, and in front 
of the first, another imperfectly defined mass, representing 
presumably a transitory first somite. 

* All measurements of embry os and certain descriptive details axe te V im from 
Professor Hill’s original notes and pbotographs of the material. 
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Laterally to the soiiiitic mebotlerm and tlie medullary plate is 
a zone appearing clear in surface view, in which the mesoderm 
forms a thin sheet. Outside this again is an ojiaque zone of 
lateral mesoderm (L.AJ.)^ completely siiiToiimling the eiubiyo. 
This is bounded peripherally by a clear /one which sejmmtes it 
fiom the area vasculosa (-Iv.). The entoderm forms a thin 
eontinuons layer, while a small incipient head-fold defiiiiteh 
marks the anterior margin of the brain-plate and in\olvesalso 
thf 3 piotocJiordal plate lying in the middle line immediately 
below it. 

In the lateial mesoderm on each side a liori/ontal cleft has 
appeared, sepaiating the mesoderm into a dorsal somatic and a 
ventral splanehnic la^er. TJiese clefts, commeneing on both 
siiles of the einhiyo and e\tendiiig foiwards, constitute tin* 
pleuio p<‘ricardial canals, the foim ot which can rea<lily he setn 
in PI. I. tig. 1 Tlie cninals form a hoiseshoe the median 


Text-figure 2. 



I*erame!e8 ohesula (1Z, H)* Traaswrse section in plane A, Ai. 

(See text-fip, 1.) 

Ent. Entoderm. M,l\ MwluUary plate. P.p,C. Pleuro-pericardial cuiml. 

N.AT. Splanchnic meaoderiii. A'o.Jf. Somatic mesoderm. 

anterior portion of which lies underneath the anterior margin of 
the brain-plate (J/.jl/.i*.), while tlie lateral limbs extend back 
into the somitic region. In the anterior region, the dorsi-ventral 
extent of the })leuro-i>ei*icardial canal is very small (text-fig, 2, 
and in fact the continuity of the canal is actually inter¬ 
rupted on the right side of the embryo (PI. I. fig. 1). 

The cleft increases markedly in size in the region of the 
ti'igeininal neural crest proliferation (text-fig, 1, N,€J\ {T.G,)) 
and attains its greatest size in the hind-brain region (text-fig. 3 A 
& B). Behind this it becomes reduced in size until, opposite the 
posterior somites, the coploinic cavity is represented by iiTegular 
elefts in the lateral mesoderm. 

The pleuro-pericardial canals thi-oughout their extent have a 
thin somatic and a slightly thicker splanclinic wall (see text-figs. 2, 
3 A B, A$b.3f., which in the anterior region is in close 

32* 
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contact with the entoderm (text-fig. 2). In the region of the 
maximum size and development of the pleuro-pericardial canala 
(PI. 1. fig. 1) the endothelial primordia. of the heart are 
difierentiating (text-fig. 3, ^nd,) between the entoderm and the 
splanchnic mesoderm, which therefore projects as a prominent 
fold into the pleuro-pericardial canal. 


Text-figure 3. 



Ferameles obetula (1 Z, 1$). 


A. TraiiHverse ftectioii in of greatest width of pleuro-periciinlial cHiials. 

with endothelial tubes developed. B. Transverse section show ing origin of 
^ aiigioblast cells from the splanchnic mesoderm. 

A.C. Angioblast cell. Snd, Endothelium. Jf.P. Medullary plate. F,p,C. Pleuro* 
pericardial caiml. 8M. Splanchnic mesoderm. *8o,M. Somatic mesodemi. 


The endothelial heart pnmordia are best developed in their 
posterior portions, where they ai'e actually tubulai* in some 
embryos of this stage (see text-fig, 3 A). Anterior to the tubular 
portion, the primordia aie represented by solid cords of augio- 
blast cells, isolated examples of which are found scattered along 
the l^gth of the pleuro-pericardial canals in the positions indi¬ 
cated in PI. I. fig. 1 (A.C.). It may be concluded from this that 
the endothelial tub^ differentiate postero-anteriorly, and that 
their increase in- length is brought about not by direct forward 
growth of the first formed paii^s of the tubes, but by the 
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progressive differentiation of angioblast cells in the cephalic 
portions of the pleuro-poricardial canfils. 

The evidence of this stage does not justify any definite state¬ 
ment with regard to the origin of the endothelium of the heart. 
From text-fig. 3 B it will be seen that the splanclinic mesoderm 
shows distinct traces of proliferative activity ; its ventral, 
indented margin luis an irregular outline and there are indications 
of loosening of the cells. On the other hand, there is no definite 
evidence of entoderiual proliferation, though in an earlier stage, 
which will form the subject of a separate paper, the appearances 
by no means exclude the possibility of the entodermal origin of 
the endothelium, whilst there is cletir evidence of proliferative 
activity on the |)art of the entoderm of the area vasculosa. 

(b) JDasi/urics viverrinuB (7*5 mm. vesicle). 

The material on which the following description is based 
consists of two embryos, one cut tiansversely, the other longi¬ 
tudinally. 

Greatest length of each embryo ass 7 mm. 

In this stage there is a flat brain-plate, the anterior margin of 
which is niai’ked in the middle line by a thickened terminal ridge 
(text-fig. 4, 7’./i*.). Tliere is a well developed neural crest proli¬ 
feration, the anterior portion representing the primordiuin of 
the trigeminal ganglion, and the posterior that of the facial, 
glosso-pharyngeal and vagus ganglia. No somites are yet 
difieren tinted. 

The outline of tlie anterior end of the brain-plate and the 
pleuro-pericardial canals and endothelial heart-tubes are shovrn 
in PI. 1. fig, 2. From this it will be seen that the pleuro¬ 
pericardial canals {2\p.C,) extend continuously rournl the head- 
end of the embryo and lie anterior to the anterior margin of the 
brain-plate 

The pleuro-pericardial canals atbiin their greatest size in the 
hind-brain region (//./?.) at this stage, and here also the primordia 
of the heart are well established in tlie form of endothelial tubes 
lying between the entoderm and the thickened splanchnic, 
mes^erni. The endothelial tubes terminate anteriorly at the 
level of the posterior limit of the trigemimil priinordium. In 
front of this, however, thei’e are scattere<l angioblast cells and 
strands of cells extending forwards as indicated in PI. 1. fig. 2. 
In the condition of the heart primordia the Da^yurus embryos 
are in advance of those of Feraindes described above, for the 
endothelium is definitely tubular thi’oughout a great portion of 
its extent and the myocardial fold is conseciuently well developed. 

From the longitudinal section (text-fig. 4) it will| be seen that 
the antero-median portion of the pleuro-pericardial canal lies 
some distance in front of the anterior margin of the brain- 
plate (T*jR,), 

In Stage I., then, we have a horseshoe-shaped pleuro-pericardial 
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cavity extemling round the embryo and witli the lateral limbs 
prolonged into the homitic region. The endothelial primordia of 
the heart are represented by more or less continuous tubes, solid 
coiHls,and scattered angioblast cells differentiating in the posteio- 
anterior direction and lying between the entoderm and the 
splanchnic mesoderm. 

The endothelial heart-tubes are the only vessels yet established. 

Text-figure 4. 



DasifuruM viverrintu (7*6 nun. vesicle). Longitudinal section, median 
through the anterior margin of the brain-plate. 

Amn^ Head-fold of amnion. JBhtt, Entoderm. JP,p,C, Pleuro-pericardial canal. 

T.J2. Terminal ridge. 

Stage II. Daaywnis viverrintis (8*5 mm.). 

The material for this stage consists of one embryo (A) of 
Dasyuma viverrinuB cut transversely and one (Ao) cut longi« 
tudinally. A graphic reconstruction of the gut and pericardium 
together with the endothelial heart-tube and aorta of the left 
side of embiyo A will be found in Ph I* fig. 3. 
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Total length of embryo A, 8'5 mm. 

This embryo possesses a flat brain-plate with well marked 
optic grooves; somites are not as yet distinctly diflerentiated. 

The position of the anterior margin of the brain-plate is indi¬ 
cated in fig. 3 {M.M.Pn) as well as the outline of the gut {F,G.). 
On comparison with fig. 2, it is clear that the progress of the 
head-fold has brought about considerable alteration in the 


Text-figure 5. 



Datyuniz viverriutu (8*6 mui.). Longitudinal section of embryo A«, 
incdinn through anterior end. *■ 

C,F. Cai'diac fold. F.G, Foro-gut. Margin of medullary plate. 

P.p.C, Pleuro-pericanlial canal. 

relations of the gut, brain, and pericardium (see PI. 1. fig. 3 and 
text-fig. 6). In embryo A (fig, 3), which is slightly in advance 
of embryo Aa (text-fig. 5), the anterior margin of the brain-plate 
now marks the actual anterior limit of the embryo, while at the 
same time the crescent-shaped fore-gut {F,G,) has developed. Its 
anterior limit lies immediately behind the anterior margin of the 
brain-plate, while closely applied to its posterior and lateral 
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margins lies the continuous pericardial cavity which shows a 
marked increase in size as compared with the previous stage* 
(Compare PI. 1. figs. 2 3, P,p,0,) This increase is greater in the 

median anterior limb of the pericardium than in its lateral 
portions. (Compare text-figs. 4 & 5.) 

The differentiation of the endothelial primordia of the heart 
has progressed considembiy and they now extend as actual tubes 
even to the middle line of the pericardium. This fact is some¬ 
what remai*kable, as such a condition, in which the lateral heart- 
tubes are actually in contact at their extreme cephalic apices 
and diverge widely and abruptly from this point of contact, is 
not found in any other stage. 

Some distance behind its cephalic extremity, the lateral heart- 
tube gives rise to the first aortic arch (fig. 3, 1), which follows 

the antero-lateral margin of the gut almost to the middle line 
and there becomes continuous with the corresponding dorsal 
aorta, the two tioitee being completely established in this stage. 

It will be iinnecessaiy to go into further details of the structure 
of this embiyo, as the sectional appearances found in it are 
exemplified yet more clearly in the Perameka embryo to be 
described next. It is, however, an important stage with regai*d 
to the processes of growth and folding which bring about the 
relations of the brain, gut| and pericardium which are found in 
subsequent stages. 


Stage III. Peramelee namita (1 S). 

The material in this stage consists of two flat embryos with 
widely open brain-plates and lateral heju’t-tiibes. Embryo A has 
eleven somites, the first being small and indistinctly limited; 
embryo B has nine, the most anterior being indistinct here also. 
The following description^ is based mainly on embryo A, which 
was cut transversely. 

Total length of embryo A after partial flattening under cover- 
glass, from the anterior margin of the brain-plate to the hinder 
extremity of the primitive streak : 7'5 mm. 

Vascular area, 8*96 x 6*8 mm. in diameter. 

Text-fig. 6 represents a dorsal view of embryo A, while the 
outlines of the gut and pericardium and the endothelial heart- 
tube and aorta of the left side are given on PI. I. fig. 4. From 
these figures it will be seen that the stage shows a consideiable 
advance in general development on the preceding. The head-fold 
has progressed back as far as the region of the auditoiy pit. 
The brain, though flat and widely open in the fore- and mid¬ 
brain regions, is deeply grooved in the hind-brain region. Lying 
lateral to the brain-plate are two pairs of mesodermal masses, 
-one the maxillo-mandibular process, the other the hyoid arch. 
Between these two arches is the first visceral pouch, and behind 
tile hyoid arch the second visceral pouch is ^ready developed. 
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Shortly l>ehind this, the pamxial mesoderm is <lifierentiated 
into somites. 

The inaxillo-mandibulai* process (text-fig, 6, Mm, arch) forms a 
dense mass of mesoderm not distinctly marked out into maxillary 
and mandibular portions. It lies latemlly to the gut on the 
outer side of the lateral and dorso- and ventro-latei’al walls of the 
gut, and extends antero-posteriorly from almost the anterior end 
of the gut back to the first visceral pouch, which is situated level 
with the anterior intestinal portal. Tlie entodei-ni of the first 
visceral pouch reaches the ectoderm, but the closing membrane 
is not perforated. 

Text-figure 6, 



Peramelet nawta. Dorsul view of embrj'o A. 

B, Hi iutlicates tlic level of the section rt^preseiitwl in text-fig. 7. 

Auditory vesicle. Fticial iieuromere. H.<Trc/4. H3'oid arch. Mm, arch, 

Maxillo-mandibular arch. M,P. Medullary plate. S, Somite. 

The hyoid arch is a mass of mesoderm only slightly smaller in 
surface view than the maxillo-mandibular arch, but situated 
entirely dorsal to the gut. Behind it is the second viscehil 
pouch, which is small and does not reach the ectoderm 
(PL I. fig. 4, F.P. 2). 

The form of the pericardium and its relations to the gut. 
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as well as the topography of the endothelial heart-tubes and the 
aoi*t 80 and aortic arches, will be understood best by reference 
to fig. 4 and text-fig. 12. From fig. 4 it will be seen that the 
pericardium (P.) has increased markedly in size. As in the 
previous stage, its inner wall is closely applied to the entoderm 
of the crescentic or U-shaped anterior intestinal portion (A./.P.) 
{pf, text-fig. 12). The antero-median portion of the pericardium 
is somewhat rectangulai* in transverse section (text-fig. 7); ita 
dorsal wall is slightly thicker than its ventral, and between 
the former and the floor of the gut lie the endothelial heart- 
tubes (text-fig. 8) and the first aortic arches (text-fig. 7). 

Text-figure 7. 


A, 


rerameleM fuxwta (1S, A.)» Transverw nection tlirou(?h mMian 
liericardium and firat aortic arch. 

Ai. First aortic arch. VA. Dorsal aorta. JF,G, Fort-gut. M.P. Mtxlullary 
plate. Maxillo-niandibular aiTh. JV. Notochord. P. Pcricanliuni, 

V.C,M, Vena capitis raedialis. 

M 

In the antero-median limb of the pericardium, the endo¬ 
thelial heart-tubes, enclosed in a fold of splanchnic mesoderm, 
lie separate from each other below the closed gut (PI. 1. fig. 4 
and text-fig. 8), while at the level of the anterior intestinal 
portal they diverge in the manner indicated in fig. 4 and lie on 
either side of the open gut in the dorso-medial wall of the peri¬ 
cardium (text-fig. 9). In their postericH* portions the heart 
primordia lie oh the ventral side of the pericardium. 

The endothelial heart-tubes throughout theii* length are almost 
completely enclosed by the layer of splanchnic mesoderm con¬ 
stituting the primordium of the myocardium. In the posterior 
region of the heart the myocardial layer is closely applied to the 
outside of the endothelial tube (text-fig. 10), but in the ^eater 
part of its extent there is a considerable space between the two 
layers of the heart primordium (text-fig. 9). 

From the cephalic extremity of each endotWial tube, there 
arise two vessels, one of which runs forwards and outwarda 
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towards the lateral margin of the gut and then parallel withTthis 
margin (PI. I. fig. A 1). It l(X)ps round the antenor limit of 
the gut, joins the dorsal aorta, and thus constitutes the fiirst or 
mandibular aortic arch. It is impossible here to fix any exact 
limit between the endothelial heart-tube and the aortic arclu 
Text-figs. 7 and 8 represent typical sections through each. The 
transition from the heart primordium to the aortic arch is 
indicated by the gradual reduction in the dorsi-ventral extent of 
the space surrounding the endothelial tube and the rotation 
of the vessel, so that its greatest diameter comes to lie pamllel 


Text-figure 8. 



Verameles nasutn (IS, A.). 


A. Traiinverse section through lieart primorclia niid st^cund aiortic urch. 

It. Complete outline of same section. 

A^. Sticoud aortic arch. D,A, Dorsal aorta. Ewi, Endothelium of heait. 
M,m.A, Maxillo-maudibular arch. Jf.P. Mcnlullary plate. 3ft/. Myocai’dium, 
P. Pericardium. V.C.Hf. Vena capitis medialis. 

with the floor of the gut. (Compare text-figs, 8 and 7.) Outside 
the limits of the pericardium the aortic arch runs in the mesoderm 
of the maxillo-mandibular process (text-fig. 7). It is connected 
with the dorsal aorta by one main loop and by several smaller 
vessels which were omitted from fig. 4 for the sake of clearness. 

The second vessel, which arises from the anterior end of the 
heart, is small and runs backwards and outwards, lateral to and 
almost parallel with the heart-tube, and has precisely the same 
relations to the gut and mesoderm. 
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Comparison with the succeeding stages shows that this repre^ 
sents tiie ventral poHion of the future second aortic ai’ch (Pis. I., 
II., figs. 4 & Sf A 2), while a small vessel arising from the dorsal 
aorta and running outwards on the dorsal wall of the gut ventral 
to the auditory vesicle, corresponds with the donsal portion of the 
completed arch in later stages. 


Text-figure 9. 



A. Transverse section in region of lateral heart primordia and oiani gut. 

B. Complete outline of same section. 

Ai, Second aortic arch.' 2>.A. Dorsal aorta. £!Hd. Endothelium of heart. 
Jlf.F. Medullar^' fold. Jfy. Myocardial layer. P. Pericardium.' V,C,M. Vena 
capitis medjalis. F.P.l. First visceral pouch. 


In the median space between the anterior ends of the endo¬ 
thelial heart-tubes are a number of scattered angioblast cells 
lying between the splanchnic mesoderm and the entoderm 
(PL I. fig. 4 and text-fig. 7). These cells possibly represent the 
primordia of the capillaries found in the corresponding position 
in the next stage. They afford an instance of the origin of 
angioblast cells from the splanchnic mesoderm after the establish¬ 
ment of the definitive endothelial heart-tubes. 

Posterior to the region represented in fig. 4, the heart-tubes 
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gradually curve outwards and pass imperceptibly into vitelline 
veins. 

The dorsal aorta is paired and runs back continuously, the two 
vessels keeping approximately the same distance from the middle 
line (PI. 1. fig. 4, B.A.), 

Immedhitely dorsal to the doiml aorta on each side there is 
situated a series of apparently isolated sections of a minute blood¬ 
vessel (text-fig. 7, r.C'.J/.). These capillaries lie close against 
the medullary tube, mediall}’^ to the neural crest prolifeiRtion in 
the region of the trigeminal ganglionic primordium. From the 
position of this vessel relative to the dorsal aoii». and nerves, 
it is evidently the vena capitis medialis of Grosser (6). A brief 
summary of some of the literature on the subject of the veme 
capitis medialis and lateralis ami their relations to the anterior 
cardinals will be found below, together with a review of the facts 
of development of these veins in Peranieles. 


Text-figure 10, 



Peramehs na$uta (1 S, A,). Trniisverjie station throug^li posterior 
portion ot Interal heart jfrimorilia. 

1).A. Doi’shI aorta, Kiulothfliuiu of heart. M.F. Medullary fold. 

My. Myocardial layer. 

Although it is not within the scoj^e of this paper to deal 
in any detail with the jmsterior vessels, it may be noted here that, 
in this stage, in the region of the posterior somites, there occur 
intersegmental offshoots from the dorsal aorta\ These inter- 
segmental offshoots are siiown very clearly in the longitudinal 
senes (text-fig. 11). It will be seen from the figure that between 
each two successive somites (JS,) there is a small dorsal ofisboot. 
from the aorta. Dorsal to tlie somites tliere ai*e a few scattered 
endothelial cells {End.), The longitudinal vessel connecting tin* 
ofishoots is not continuous, but portions of it are present in the 
next section. 

At the level of the second somite there occui-s a pair of small 
vessels lying in the somatopleure immediately doi*sal to the heart- 
tubes. Each consists of a single vessel with a few minute 
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branches and is blind at both ends and not connected as yet with 
any other capillaries. From these vessels the Cuvierian ducts 
are later developed. 

In this stage we have, therefore, lateral heart-tubes which, 
while they approach one antither anteriorly, are widely separate 
in the posterior region. Paired dorsal aortas and the first pair of 
aortic arches are developed, wliilst traces of the second ai'ch are 
also present. This stage accordingly agrees in its general features 
with the days labbit described by Bremer (1). In addition 
to the heai*i and arterial vessels there are also present in the head 
the first traces of the venous system in the form of disconnected 
portions of the vena capitis medialis and the primordia of the 
CJuvierian ducts. 

Text-figure 11, 



nasnta (1S, B.). Longitudinal section throngli soin’t showing 
dorsal offshoots from the dorsal aortti. 

Dorsal aorta. D,Br,D,A, Dorsal branch of sam-'. Jt’nd, Kn lotln lium 
of longitudinal vessel. Somite. 


Stage IV. rerameleB naauta (2 P). 

The material consists of four embryos, A and C cut transversely, 
H and D longitudinally^ 

Each of the four embryos has fifteen or sixteen somites. The 
neural tube is still unclosed throughout its length, but the folds 
are closely approximated in the hind-brain region. The mid- and 
fore-brain segments are widely open as in Stage III,, but the 
primary cranial fiexure has occurred so that the fore-brain is 
bent forwards and downwards (see text-fig. 15). 

The relations of the gut, pericardium, and heart are indicated 
in PI. I. fig, 5, It is well to note at this t>oint that the 
outline of the brain-plate as indicated in figure 5 is not 
atrictly comjiarable with the corresponding line in fig. 4 
(compare text-figs. 12 and 15). The fact that the primary 
•cranial flexure has occurred, renders it impossible to plot the 
morphological anterior end of the brain in the same plane recon¬ 
struction with the hind-brain, gut, etc. The difierence in the 
relations of the brain to the pericardium in the two stages may, 
however, be judged by the position of the auditory neuromere 
which lies at the posterior margin of the pericardium in 
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'Stage] III, and at the anterior margin thereof in the present 
stage. 

Tlie first and second visceral ponches are now well marked 
(fig. o, Y,P. 1 & 2), while the relations of the maxillo-mandibular 
process and hyoid arch show little advance on the preceding 
stage. 

The antero-median portion of the pericardium lias increased 
very considerably in the antero-posterior direction. Furthermore, 
it may be noted that as the portion of the gut lying anterior to 
the first visceral pouch has remained the same lenjd^h (compare 
figs. 4 & 5) and the anterior margin of the pericardium is now 
situated in the same plane with the first viscei’al pouch, the 
pericardium must have moved backwards as a whole. 

Text-figure 12. 



Feramclei nasuta (1S, B). Longitudinal bcction, median through 
the anterior end. 


A.LF. Anterior inteMtinal portal. C,F, Cardiac fold. Margin 

of medullar}' plate. 1\ Pericai'dium. P.P. Protochordal plate. 

The form of the endothelial primordia of the heart is shown, 
in fig. 5. They have fused at their cephalic extremity, the fused 
jiortioii extending through some eighteen sections and represent¬ 
ing the most closely approximating {wrtions of the endothelial 
tubes in Stage III. (PI. 1. fig. 4). From it is derived the hulhus 
(conus) arteriosus of the next stage (PI. II. fig. 8, JLA.). Posterior 
to this fused portion, the endothelial tubes lie close together but 
unfused for a considerable portion of their length (PI. I. fig. 5 
and text-fig. 14), and then diverge widely and pass into vitelline 
veins. The endothelial tul)es throughout their length ai*e 
enclosed by the myocardial wall, which shows characteristic 
thickening and prolongations of its cells throughout the greater 
part of the length of the heart (text-fig. 14, Mi/,). 

The myocardium of the right and left sides is united from the 
cephalic extremity of the heart primordiiim to the point of 
divergence of the right and left endothelial tubes, but the line 
of fusion is not marked by any groove. In tlie posterior region 
where the endothelial tubes separate from each other, each is 
surrounded by its own myocardial layer, so that for a short 
distance in front of the anterior intestinal poi*tal, the two heaii;- 
tubes lie below the closed gut, each surrounded by an independent 
fold of splanchnic mesoderm. The primordia of the heart 
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are prolonged into the lateiul gut-folds and pass gradually into 
vitelline veins. 

The heart as a whole is somewhat .asymmetrical (see hg. 5), 
being curved over to the right side of the embryo. 

The aortic arches, two of which are developed, arise from the 
median bulbiis arteriosus. The endothelial heart-tube bifurcates 
in front, and each half runs forwards and slightly outwards as a 
relatively wide vessel situated between the two layers of the 
splancbnopleure. These vessels, which constitute the first aortic 
arches, run forwards and outwards in a course similar to that 
of the same vessels in the next stage (compare figs. 5 and 6). 
Anterioi’ly they loop it>und the gut to join the dorsal aortte. 
hVom the anterior convexity of this first aortic arch are given off 
capillaries which form a network surrounding the primaiy optic 
vesicles. From the lateral margin of the fused tip of the heart 
is given off on each side a small vessel which runs outwards and 
backwards, loops round the gut, and constitutes a continuous 
though slender second aortic arch. 


Text-figure 13. 



Peramelei na$uta (2 P, A). 'J’niiisverBe soctiou through hulhiis urtoriosuM. 

Snd, Eudotheliuna. G, Gut. Mp, Myocardium. P.C. Pericanlial cavity. 

Bt.A, Root of aortic arch. 

The vena capitis medialis, which was just recognisable in the 
preceding stage, is now considerably further developed. It is 
represented by an irregular and not perfectly continuous series 
of capillaries, situated dorsal to the aorta on either side of the 
medullary tube, medial to the cranial ganglia. These capillaries 
are connected by very fine sprouts with the dorsal aortae (text- 
fig. 14, V,CM ,); ventro-lateral to the auditory vesicle and lateral 
to the nerve-roots, there is another line of scattered capillaries 
connected with the vena capitis medialis. These are the first 
traces of the vena capitis lateialis. Portions of the vena capitis 
medialis can be tiaoed in the region of the lateral heaiii-tubes as 
far back'as the Cuvierian ducts^(i« e., the region of the third 
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somite). Behind this again theie aie, as in Biage ]J1 , intei- 
segmentaloifshoots horn thedoibal aoita, but as}et no continuous 
vessel in this region 

Text-ligure 14, 



naatifa (2P, A) lians\crM s((tioii thiougli vcntucular 
n ^1011 ot tlu htai t 

ij ScLoml aoitic arcl) A 1" Auditon DA DoiRaHoita jPnc? Lndo 

thflium JlfP Alwhillnij pltttc JIfv Mjotttrdium 1 C JU \nmrapitib 
iiiedialis 


Te\t-figuio ir> 



Loii^ittidiiial section, iiuKiian tliinuRli tin aotonor iiul of tlit (inbi>o 
JZM Endotheimm D Foi(-biain JFG Fou^wt Jf if Mid brain 

Mifr Margin of medullar} plat€ XTy Myocaidiiixn. OP Grab plate 
P. PenoRidium. 

In this stage the Cuvieiiaii ducts aio lecognisable l>ing in 
the Boxnatopleure ojiposite the thiid somite and 3mmedial€}\ 
Paoc. ZooL, Soo.—1916, No. XXXIII. 33 
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doi'sal to the heart-tube. The main trunk of each ends blindly 
anteriorly and posteriorly and’ is of considerable size, causing a 
bulging of the mesoderm of the somatopleure, which is thus 
brought into contact with the mesoderm surrounding the heart- 
tube. As yet, however, neither of the Ouvierian ducts opens 
into the heart-tube. From the medial side of each Ouvierian 
duct a few small capillaries are given off. They run towards the 
middle line and represent that portion of the anterior cardinal 
vein which at a later stage connects the vense capitis medialis and 
lateralis with the Ouvierian duct. (Oompai*e PI. II. fig. 7, 
A.(7.F.) 

Stage IV., therefore, possesses a heart in which the endothelial 
tubes have fused anteriorly and curvature has already com¬ 
menced. Two complete aortic arches, an incomplete vena capitis 
medialis, tiaces of a vena capitis lateralis, and Ouvierian ducts 
are pi*e8ent. 


Stage V. Peranides ohesvia (10. viii. 03). 

Mo/CTopu% sp« 

The material for this stage consists of five similar embryos of 
F. ohesala^ three out transversely and two longitudinally, and one 
embryo of Onychogale frenata (? McLcropm sp.) cut transvei’sely. 
In several respects, s. (/. 'curvature of the heart, the Onychogale 
embryo represents a slightly earlier stage than Perameles obemla 
(10. viii. 03). For purposes of description, however, it will be 
convenient to deal first with the PeraimUs embryos, as a wax- 
plate reconstruction was made of the heart and anterior vessels 
of embryo A (PI. II. figs. 6-8). 

As regards general development, Peran\sle8obe8ula{\0, viii. 03) 
shows only a slight advance on P, naauta (1 S) Stage III. The 
brain has practically not changed ; the gut is in the same condition 
except that the first visceral pouch is more extensive and closure 
of the foi*e-gut has progressed back to slightly behind the auditory 
vesicle. 

In the vascular system, however, we find a most marked 
advance, the heart having assumed a definite form with ventricular 
and auricular divisions recognisable. Figs. 6 to 8 illustrate the 
model of the heart and anterior vessels in this stage. The gut, 
included to form a building base, is coloured white, heart endo¬ 
thelium and arteries red, veins and most of the capillaries blue, 
myocardium yellow. The myocardium is left intact on the left 
half of the model from the roots of the aortic arches back to the 
level of the anterior end of the Ouvierian duct, but has been 
omitted on the right side so that the whole of the endothelial 
tube is here exposed to view* The capillaries surrounding the 
gut also left intact on the left side of the model, but on the 
rig^t have been omitted in order that the aortic arches might be 
seen more clearly. Study of the actual sections shows that the 
oapilkiies of the right side closely resemble those of the left. 
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The first and second visceral pouches are seen in the model as 
lateral projections from the gut (figs. 6-8, F.P. 1 & 2). The 
heart, which is median and ventral anteriorly, still consists of 
separate lateral priinordia posteriorly, the two halves diverging 
in the lateral lips of the anterior intestinal portal (fig. 6,.4./.P.). 
By the great enlargement of the heart itself, the pericardial coelom 
has become relatively considerably reduced, and now simply forms 
a space surrounding the heart ventmlly and ventro-laterally 
(text-fig. 18). The median pericardium extends from the 
cephalic extremity of the heart to the anterior intestinal portal. 

At their cranial ends the endothelial tubes (exposed in the 
model by the omission of the myocardium) unite to form a broad 
conical portion, the bulbus (conus) arteriosus. The first and 
second aortic arches (A. 1 & 2) are given off from the dorsal side 
of the bulbus (fig. 8, A, 1 &c.). In this region, the myocar¬ 
dium simply forms a continuous layer covering the endothelium, 


Text-figure 16. 



A. Transverse section thnmprii hnllms arteriosus. 

B. Complete outline of same vectit)!!. 

« 

iW. Pilndotholium of bulbus arteriosus. G. Gut. My. Myocardium. 

but separated from it by a space (text-fig. J 6). Tiie bulbus is the 
only portion of the heart in which the endothelial tubes have 
actually fused. Behind it, the tubes are in contact as far back as 
the anterior intestinal portal, but the wall between them is every¬ 
where complete. The myocardium of the two sides has fused 
throughout the region of the closed gut and there is no ventral 
mesentery (text-figs. 16’-! 8). There is, however, a very well 
marked groove on the ventral aspect of the myocardium, which 
marks the line of junction of the right and loft halves. At the 
opening of the gut the right and left heart primordia separate 
completely. 

From the ventral view of the model (PI. II. fig. 6) it is obvious • 
that already the heart haa begun to bend between the two points 
(a) the roots of the aortic arches and (6) the opening of the fore-gut 

33 ^ 
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The curvaturei however, does not affect both sides equally, and a 
marked asymmetry results. The anterior ventricular poi^ions of 
the heart-tubes are already being pushed backwards so as to lie 
ventral to the auricular portions. It is clear that by continuation 
of this curvature with accompanying fusion of the two halves, 
the typical embryonic relations of auricle and ventricle will 
ultimately be achieved. 

In the ventricular region of the heart, the right and left endo 
thelial tubes are approximately equal in size, but where there is 
an inequality the right is the larger (text-fig. 17, End^ 

Text-figure 17. 



J?wameU% ob 09 Hla (lO.viii.OS). Trausvente section through the ventricular region 

of the heart. 

Second aortic arch. jl.Ff Auditory vesicle. J).A, Dorsal aorta. End. Endo¬ 
thelium. Jr.P. Medullary plate. Jfy. Myocardiuin. r«C.X«. Vena capitis 
lateralis. V,C,M, Vena capitis medialis. 


In addition to the curvature which is bringing the ventricular 
region into position ventral to the auricular region, there is a 
certain amount of curvature in the horizontal plane of the 
embryo. 

In the right half of the heart, a definite constriction of the 
endothelial tube marks the limit between the ventricular and 
auricular portions. On the left side there is no such constriction. 
Posterior to this constriction the right endothelial tube widens out 
suddenly, reaching about three times its width in the constricted 
r^on. The left endothelial tube^n this region widens only very 
slightly. The right and left heart primordia furthermore show 
considerable asymmetiy as rej^rds curvature^ for w:hile the 
portion of the left tube lying Ucteral to the open fore-gut is prac¬ 
tically straight, the right tube in this region shows well marked 
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curvature. (See PI. II. fig. 6.) Correlated with this difference in 
the size and curvature of the endothelial tubes, the opening 
of the fore>gut is also asymmetrical (fig. 6, AJ,P,), At the 
anterior intestinal portal, the right and left primordia of the 
heart separate, and both tubes become reduced in size, the right, 
however, more markedly than the left. The endothelial heart- 
tubes pass imperceptibly into vitelline veins. 

A further distinction between the ventricular and auricular 
portions of the heart lies in the fact that in the anterior region 
the myocardium is separated from the endothelium by a con¬ 
siderable space crossed by fine strands of protoplasm (text-fig. 17), 
while in the posterior portion the myocardium is closely applied 
to the endothelium (text-fig. 18). The transition between those 
two conditions takes place gradually in the region of the atrio¬ 
ventricular constriction of the right side. 


Text-figure 18. 



A. Transverse section through auricular portion of the heart. 

B. Complete outline of same section. 

Bnd, Endothelium. G, Gut. 3f^. Myocardium. 


Turning now to the blood-vessels, two aortic arches are complete. 
Their relations are seen most clearly in the side view of the model 
(PI. II. fig. 8, A. 1 A 2). From the ventral view (fig. 6) it will be 
seen that there are a number of capillaries lying against the gut- 
wall, between the roots of the right and left mandibular arches. 
These are probably derived from the scattered angioblast cells in 
the corresponding position in Stage III., and are doubtless destined 
to contribute to the formation of the median ventral aorta which 
is established in the next stage (Stage YI.). The first aortic arch 
runs forwards to the anterior end of the gut and is there connected 
by a well developed loop, situated laterally to the apex of the 
fore«gut, with the corresponding dorsal aorta. The aorta is paired 
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throughout its length (PI. II. fig. 7^ DA.). From the anterior 
convexity of the loop of the first arch there is given off on each 
side a vessel which runs outwards and forwards and then breaks 
up into series of capillaries which form a cup surrounding the 
primary optic vesicles. These capillaries run round the postero¬ 
lateral face of the optic vesicle to become connected dorsally 
with the veins of the head (fig. 7). 

The second aortic arch arises from the dorsal side of the bulbus, 
runs backwards and outwards to loop round the gut in the hyoid 
arch and to join the dorsal aorta (see PI. II. figs. 6-8, A. 2). 

From the dorsal aortsB posterior to the second aortic arch, 
there arises a pair of small sprouts running outwards on the gut* 
wall. These are the dorsal elements of the third aortic arch. 

The best developed venous trunk of the head, viz. the vena 
capitis medialis, is clearly seen in the dorsal view of the model 
(fig. 7, F. (7.if.). Each is a small vein Ijn'ng dorsal to the dorsal aoita. 


Text-figure 19. 



ParameZe# ohnula (10.viii.03). Transverse section through the Cuvierian ducts. 

A.C.V, Anterior cardinal vein. C.jD. Cnvierian duct. J).A. Dorsal aorta Snd 
Endothelium. Jf.P. ]#pdnUary pUte. Jtf.y. Myocardium. r.C.M. Vena 
capitis medialis. 


dwe a^nst the neural tube (text-fig, 17, V.CM.). Anteriorly 
ttis vein rune into the dorsal aorta. In the model this is only 
shown on the left side, but high-power examination of the 
se^ns reveals a ve^ fine capillary completing the connection 
betwren the mht vein and the aorta. Arising from the vena 
capitis mediahs m the anterior half of the mandih iil.r. areh is a 
^es of capillaries which are continuous with those surroundinff 
the optic vwoles. The brain here is widely open and its margin 
u situated to the outer edge of the capillaries. The latter 
woi^ acooHmglyUe medial to the neural crest were such present 
in toi, iwon. In the region of the first visceral pouch then is 
an^er line of repillaries lying lateral to the vena capitis 
connected with it. fn»n the anterior end of these 
taere runs outwards and fmrwards a vessel connecting tbem with 
a group of capillarias lying in the mandibular mesodeim lateral 
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and ventral to the gut. The vena capitis medialis runs beck 
alone for a short distance, and is then again connected with a 
more laterally situated capillary'. This capillary runs back from 
this point to the level of the incipient third aortic arcli, and then 
runs laterally to be connected with the Cuvierian duct which is 
now well developed (fig. 7 <fe text-fig. 19^. On the right side of 
the embryo this transveise connection is very incomplete, but not 
quite so incoinfdete ns would appear from the model, since tlje 
difficulty of building up these fine capillaries caused some to be 
lost in this region. This vein, lying lateral to the vena capitis 
medialis and to the primordia of the nerve-ganglia, is the vena 
capitis lateralis of Grosser (6) and Salzer (17). From the vena? 
capitis medialis ami lateralis the anterior cardinal vein is derived. 
The auditory vesicle lies in the spa(‘e between the vcuia^ capitis 
medialis and lateralis immediately dorsal to the second aortic 
arch. Kunniiig in thehyoi<l arcli area few capillaries apparently 
con'esponding with the much more conspicuous group in the 
mandibular arch. 


Text-figure 20. 



^erameles obesula (Kl.viii.US). Trans\tTs<* section showing; the connection of the 
vena capitis inedmlis with the dorsal aorta. 

D.J^. Doraal aotla. JK.P. Medullary plate. V.C.M. Vena capitis medialis. 

V.C,L. Vena capitis lateralis. 

The Cuvierian ducts have increased considerably in size, and 
that of the left side opens direct into the lateral heart-tube (text- 
fig. 19, C.D,), Behind the opening of the Cuvierian duct a single 
small capillary runs posteriorly in the somatopleure rej^rescnting 
the future umbilical vein. The vena capitis medialis, it shouhl 
be noted, continues on after the lateral bend of the vena c>apitis 
lateralis (fig. 7). The two are closely connected in the region of 
the incipient third aortic arch. 

One impoi'tant point which is difficult to observe in the figures 
of the model is shown in the sections of the embiyo (text-fig. 20), 
and that is the fact that the vena capitis medialis at iiregulai* 
intervals opens into the dorsal aorta. 

In this stage, then, we find the ventricular and auricular 
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portions of the heart differentiated. Fusion of right and left 
primordia has only affected the myocardium and the cephalic ends 
of the endothelial tubes. The two halves of the auricular portion 
of the heart are wide apart. 

Two complete aortic arches are present and one is in process of 
formation. Yen® capitis medialis and lateralis and Ouvierian 
ducts are all present. 

It is not necessai*y to give a detailed description of the embryo 
of Mcioropm sp., which is included in this stage, as it differs only 
in certain points from the Perameles obesuia embryo described 
above. In the degree of development of the gut and pharyngeal 
pouches, as well as of the nervous system, the two embryos very 
closely resemble each other. 


Text-figure 21. 



Macropua sp. Transverse section through the root of the hccoiuI aortic arch. 

D.w4. Dorsal aorta. Endolbeliuin/ 3f.P. Medullary plate. 3fy. Myocardium. 

Root of aortic arch. Primordiuni of trigeminal ganglion. 

Vena capitis lateralis. V,C,M. Vena capitis medialis. * 

Two complete aortic arches are present, but there is no trace of 
a third. 

The vena capitis medialis resembles that of the Perameles 
embryo. The vena capitis lateralis, however, is slightly less 
advanced, being only recognisable in the region of the trigeminal 
and facial neural crest proliferations, and not extending back as 
far as the auditory vesicle. Ouvierian ducts are present, and the 
right one at least opens into the heart-tube. The sections are 
somewhat broken in this region, so that satisfactory observations 
on the openings of the Ouvierian ducts and their relations to 
the anterior cardinal veins are impossible. 

The heart differs in several respects from that of the Peramelea 
embryo. The general relations of heart and pericardium and the 
mode of origin of the aortic arches are exactly the same in the 
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two embryos. In the McLoropua embryo, as in Peramdea^ the 
, myocardium is fused in the middle line throughout the length of 
the closed gut. A slight groove marks the line of fusion in the 
posterior portion of the heart, but there is no indication of a 
ventral mesentery at any point. The ventricular region of the 
heart is distinguished from the auricular by the fact that in 
the ventricular portion a considerable space intervenes between 
enilothelium and myocardium, w'hereas in the auricular portion 
the two layers are close together. The limit between the two 
divisions is further indicated by a constriction of each endo¬ 
thelial tube, which then widens out abruptly to form the auricle. 
Right and left endothelial tubes are united anteriorly in the 
region of the bulbus arteriosus, just as in the PermieUa embryo. 
Behind this again they diverge around the opening of the gut. 
Tt may be noted that in the region of the widest divergence of 
the endothelial tubes a fine bridge runs across and connects 
the two. 

The curvature, so far as it can be made out without reconstruc¬ 
tion, is similar to that of the Pet'anieles embryo. The asymmetry 
tippears to be less marked than in the latter embryo, but on this 
point it is impossible to make A positive statement without recon¬ 
struction. Throughout a considerable portion of its length, 
however, the right endothelial tube is larger than the left, just 
as in the Permmles embryo. 

The Macropus embryo then differs from the Perameles embryo 
of a similar stage mainly in the configuration of the endothelial 
tubes, which are joined at their cephalic extremity, then widely 
separate for some distance (text-fig. 21), and then again approxi¬ 
mated, though not joined. This ilifference, as well as the slight 
differences in the inyocardifil wall, may veiy probably be due to 
slight dissimilarity in the positions of the endothelial tubes and 
the myocardium before union of the latter. 


Stage VI. Afacropns ruficollis. 

The material for this stage consists of a single embryo of 
Macropua rujicollia, cut transversely. 

Greatest length of embryo, 5’2 mm. 

T)oi*sal perimeter, about 13*5 mm. 

The embryo is sharply bent in front of the fore-limb buds, so 
that the head, invested by proamnion, is sunk down into the yolk- 
sac and forms an acute angle with the trunk. No trunk amnion 
is yet developed. The brain, though open in the fore- and mid- 
brains, is closed in the region of the hind-brain. 

The gut is closed as far back as the thin! w’ell-developed somite. 
Three visceral pouches are present. 

The heart shows a considerable advance on the preceding stage. 
The right and left heart-tubes are fused except in the region of 
the sinus venosus, where they remain separate, while the Cuvierian 
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ducts, which are now established as wide vessels, pass across tho 
coelomic cavity to open into the right and left heart-tubes (text- 
fig. 22). 

Curvature of the median portion of the heart has resulted in 
the definite establishment of a U-shaped ventiicular limb and an 
auricular portion extending from the left dorsal side of the ven¬ 
tricle posteiior to its apex and separating, at the opening of the 
gut, into the riglit and left halves of the sinus venosns. 

Text-figure 22. 



MacropuB rufleoUtB Transverse section thiough the Cuvienan ducts. 

Antenor cardinal vein. C.Z). Cuvienan duct JJ J. Dorsal aorto. lEnd^ 
Endothelium. Jf.T. Medullai^'tube. Jfy. Myocardium Pr A. Pioamnion^ 
V.CM, Vena capitis medialis. 


The cephalic portion of the S-shaped heart is somewhat curved,, 
so that, as in the preceding stage, the bulbus (conus) ai*teriosua 
lies dorsal to the cephalic extremity of the ventricle. The bulbus 
arteriosus is continued into a ediort median ventral aorta which 
bifurcates.to form the first pair of aortic arches. The second and 
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third pairs of aortic arches arise from the median ventral aorta 
immediately posterior to its bifurcation. The second arch is 
large, the third very small. 

In correlation with the j apid development of the fore- and mid- 
brains at this stage, the head-plexus found in Stage V. (see PI. H. 
figs. 6-8) has become extended into a long slender vessel, destined 
to form the anterior ptirt of the internal carotid artery and lying 
on either side of the mid-ventral line in the foi*e-brain region. 
As in the preceding stage, it anastomoses anteriorly with cjipillaries 
arising from the vena capitis medhilis. 

Both venm capitis medialis (text-fig. 22, and lateralis 

are present, though neither ban be tmeed continuously throughout 
the head-region. The vena cjipitis medialis extends to the ante¬ 
rior end of the brain, lying close to the medullary tube, dorsiil to 
the dorsal aorta and the internal carotid artery. It is discon¬ 
tinuous in the region of the auditory vesicle, where no veins are 
recognisable, l^osterior to that, it i*uns back as a continuous 
trunk to the level of the Cuvierian duct, and beyond this is 
recognisable as a minute vessel lying close to the neural tube in 
the trunk region. 

Lying lateral to the priraordium of the trigeminal nerve, there 
are a few scattered capillaides which repiesent discontinuous 
segments of the vena capitis lateralis. Immediately posterior to 
the primordium of the trigeminus, the vena capitis lateralis arises 
from the vena capitis medialis and runs back as a small vessel 
lying lateral to the root of the facdal nerve. Vena* capitis lateralis 
and medialis are interrupted in the region of the auditory vesicle, 
but both are present immediately posterior to it. At irregular 
intervals on their coui'se there are transverse communications 
between the two veins. The vena capitis lateralis does not foi’in 
a continuous trunk in the region posterior to the auditory vesicle, 
but immediately anterior to the point of separation of right and 
left heart-tubes it increases markedly in size and is connected 
by a wide anastomosis with the vena capitis medialis, which 
becomes very small posterior to this level. The enlarged vena 
capitis lateralis, or, as it may here be called, anterior cardinal 
vein, passes ventro-laterally and, running alongside the dorsjil 
aorta for a short distance, finally opens into the Cuvieiian duct 
in the manner seen in text-fig. 22. 

The umbilical vein is now present, running in the somatopleure 
and opening into the Cuvierian duct. 

In this stage, then, we have a heart in which fusion of the 
right and left primordia has occun*ed except in the region of the 
sinus venosus, and curvature has carried the auricular limb into 
position dorsal to the ventricle. Three aortic arches are present, 
venae capitis medialis and lateralis are well established though 
discontinuous and open vtd the Cuvierian ducts into the sinus 
venosus. 
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Summary and Discussion. 

A. Development of the Heart, 

From the foregoing description it is evident that the early 
development of the heart in such Marsupials as Perameles and 
Detepurue proceeds along essentially the same lines as in Eutheria. 
The early stages of the heart development in the latter have been 
described by a number of investigators {e,g, Mollier (16)); but 
although the broad outline of the process may be said to be well 
known, there is still considerable difference of opinion with regard 
to certain points. It will be useful, therefore, before summarising 
the preceding observations, to briefly review the literature on the 
subject. 

With regard to the lateral paired primordia of the heart little 
need be said at this point. The heart endothelium arises between 
the entoderm and the splanchnic mesoderm, from which latter 
it is either partially or wholly derived. The primordia of the 
heart^tubes are flrst recognisable in the hind>brain region and 
grow forwards at the expense of angioblastic cells proliferated off 
from the splanchnic mesoderm, which is itself thickened and 
indented to form the primordium of the myocardium. It should 
be noted that in the earliest stages examined (PI. I. figs. I 2) 
the endothelium lies to the medial side of the pleuro*pericardiai 
canals in the anterior region and to the lateral side in the pos¬ 
terior region. To this point reference will be made subsequently 
in connection with the discussion of the reversal of the peri¬ 
cardium which, according to some authors, takes place at the 
time of formation of the head-fold. 

The processes which bring the lateral heart primordia into 
position below the fore-gut relate primarily to the formation of 
the head-fold, and it is therefore necessary to get a clear idea of 
the mode of closure of the gut before considering the problems 
relating to the fusion of the lateral primordia of the heart. 

Some authors («. g, Bobinson (IS) ) hold that the formation of 
the fore-gut is due mainly, if not entirely, to the rapid growth 
of the embryo over the relatively stationary line between the 
embryonal and extra-embryonal areas. Thus Robinson (13) says: 

The orifice (of the umbilicus) is not reduced in size during the 
early stages of development by the convergence of its margins 
towards a central point. This being the case, no tucking off of 
the embryo from the surface of the ovum can occur; on the con¬ 
trary, what does occur is almost the exact opposite of such a 
process, for the maigin of the area remains as a relatively 
slow-growing region, whilst the embryonic and extra-embryonic 
portions of the wall of the ovum rapidly increase in extent, 
tinder these circumstances, it follows that the margin of the 
jsmbryonic area will soon appm as a ring between the upper or 
^embryonic and the l^wer or extra-embryonic parts of the ovum, 
both of which have expanded beyond it in all directions/’ 
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While the forward growth of the brain-plate doubtless plays 
an important part in the initiation of the formation of the fore¬ 
gut, this explanation does not account for the conditions revealed 
by reconstructions of the gut and pericardium in the early stages 
of head-fold formation. 

On the other hand, various investigators (e. g. Rouviere (14), 
Graper (4) ) contend that there occurs, in addition to the forward 
growth of the brain-plate, a backward progression of the anterior 
intestinal portal, whilst in older accounts an actual fusion of 
lateral folds in the mid-ventral line vras assumed. Both Robinson 
(13) and Rouviere (14) give excellent reasons for regarding this 
assumption as eironeous. They point out that if gut-closure 
were effected by the fusion of lateral folds (such as are shown in 
text-fig. 9), the heart would remain in connection with the gut by 
a dorsal mesocardium and with the yolk-sac wall by a ventiul 
mesocardium. Robinson denies the existence of a ventral meso¬ 
cardium in mammals, and quotes this fact in support of his theory 
that the sepamtion of the gut from the yolk-sac is due to growth 
of the embryo rather than to fold-formation. Rouviere, on the 
other hand, while he agrees with Robinson as to the absence of a 
ventnil mesocardium in mammals, gives a different account of 
the process of gut-closure. He describes the formation of lateial 
pleuro-pericardial canals which grow forwwds round the anterior 
end of the brain-plate and fuse to form a continuous cavity. 
The splanchnopleure forming the posterior wall of the pleiuo- 
pericardial cavity now forms a continuous fold which Rouviere, 
following Tonrneux, calls the “cardiac foUr^ (compare text-fig. 12, 
6\/T.) and which he descrilies as growing actively backwards as 
a whole. 

In the chick, on the other hand, a ventral mesocardium is 
present, but this is due, as Robinson points out, to the relatively 
late penetration of the mesoderm in the head region. The pleuro¬ 
pericardial canals do not extend round and unite in front of the 
medullary plate in early stages, but only at a later stage do they 
penetrate into the floor of the fore-gut after that has been formed. 
The lateral cavities therefore do not at once become continuous, 
but remain separated from each other by a double layer of 
mesoderm constituting the ventral mesocardium. 

With regard to mammals, Rouviere, while he does not discuss 
the influence of the forward growth of the brain-plate, concludes 
that the crescent-shaped cardiac fold gi*ows backwards as a whole, 
and that the free edge of the splanchnopleural fold progresses 
always in adva>nc6 of the primordia of the heart, so that no fusion 
of the splanchnopleure is involved and no ventral mesocardium 
is formed. 

Graper, in a description of the growth processes in the 
developing chick, which he worked out by staining the living 
embryos and keeping them under observation while still alive, 
shows that there is considerable evidence in support of the view 
that the margin of the fore-gut (anterior intestinal portal) moves 
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backward concurrently with the forward growth of the brain- 
plate. He gives a series of comparative measurements which 
show that the rate of removal of the lip of the anterior intestinal 
portal from the anterior end of the brain is greatei* than the lute 
at which the brain-plate glows forward from a given fixed point; 
hence it is evident that the anterior intestinal portal must be 
moving backwards. 

Concurrently with the formation of the fore-gut, the lateral 
heart-tubes come to lie ventrally to it, but do not at once fuse. 
Wilson (20), in a paper on young human embryos, draws attention 
to this fact and refers to the embryo of Perameles naauta, described 
in this paper as Stage III., as exemplifying this condition ; but 
he does not discuss the question as to how these lateral heai'ts 
approach one another. 

We may now consider the evidence afforded by the material 
described above, and will endeavour to show that it is entirely 
in accord with the view that there is actual backward growth of 
the anterior intestinal portal, and that it is this process, and 
not fusion of lateral folds, tliat brings about lengthening of the 
fore-gut. 

it may be noted here that in Perameles, as in the rabbit 
(Rouvi^re), no ventral mesocardium is present at any stage, a fact 
which, in itself, is a strong argument against the theory that gut- 
closure is effected by the fusion of lateral folds. 

If we compare a stage in which the head-fold has not yet 
appeared (PI. 1. figs. 1 2) with one in which a small portion 

of the fore-gut is differentiated (figs, 8 & 4), we see that the pleuro¬ 
pericardial coalom not only moves backward relatively to the 
brain-plate but also increases very considerably in width. It is 
obvious that such an increase in size must either cause the 
pericardium to extend peripherally or to close in towards the 
axial line, and it is i>eriectly clear on compaiison of figs. 2 & 3 
that it is this latter p:St>cess which is taking place. From a 
longitudinal section, such as is shown in text fig. 4, it is evident, 
moreover, that such an expansion of the pericardium must involve 
the backward growth of the splanchnopleural floor of the fore¬ 
gut. If the lengthening of the fore-gut were due entirely to the 
rapid forward growth of the biain-plate, there would be no such 
inward closure of the pericardial region. Moreover, if we compare 
figs. 2 3 (PI., I.), we see that in the earlier stage, the pericardial 

ccelom is situated peripherally to the margin of the brain-plate, 
while in the second stage, the inner margin of the pericardium 
lies in tlie lip of the anterior intestinal portal. Now the growth 
in length of the brain-plate in the period between these two 
stages would naturally give rise to a fold round its anterior 
margin, but would not bring the pericardium into the position it 
occupies in Stage II. (fig. 3), unless there occurred concurrently 
with such growth .in length either an increase in width of the 
brain or an inward closure of the pericardium. Gomporison 
of figs. 2 4; 3 again shows that while no increase in width of the 
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brain-plate has occurred, the pericardium has actually closed 
in towards the axial line. Precisely the same coitclusion may be 
reached from a comparison of hgs. 1 and 4, but as the interval 
between the stages is greater and the embryos are not of the 
Raine species, less importance attaches to them in this con¬ 
nection. 

It has already been remarked that, in the chick, the develop¬ 
ment of the pleuro-pericardial canals occurs at a later period 
than in the mammal, so that in this type the form of the head¬ 
fold in earl}' stages cannot be affected by growth of the 
pericardium. If we compare the shape of the fore-gut in a chick 
of two somites with that of Daayurua Stage 11. (text-fig. 23 A & 
PI. I. fig. 3), we see that in the first stage of head-fold formation 
in the bird, the outline of the anterior intestinal poHal is broadly 

Text-figure 23. 




Anterior end of chick of (A) 2 somites, (B) 4 Koinite^, to show the reliitioiis of the 
head-fold, brain-plate, anterior intestinal portal and pleuro-pericardial 
cavities. 

A.I.P. Anterior intestinal portal. F,G. Fore-gut (outline). Jf.F. Medullary fold. 
Af.Jir.P. Margin of the medullary plate. P.p.C, Pleuro-pcricArdinl cavity. 

crescentic, while in Dasyurm it is U-shaped. This difference 
I conceive to be due to the fact that in the chick, no factor but 
the forward growth of the bi*ain-plate is operating at this stage, 
while in the mammal, in addition to this process, the expansion 
of the pericardium is already bringing about the formation of 
lateral folds and the consequent narrowing of the anterior 
intestinal portal. A slightly later stage of the chick (text-fig. 
23 B) shows an approximation to the mammalian condition, for 
the pleuro-pericai^ial canals have appeared and are progressing 
towards the middle line; lateral folds have therefore ai'isen and 
the outline of the anterior intestinal portal is U-shaped. 

We may therefore conclude, that while the forward growth of 
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tile brain-plate initiates tiie formation of the head-fold, there 
occurs concurrently with this process in the mammal, and at a 
slightly later stage in the chick, a rapid expansion of the peri¬ 
cardium and a consequent backward and inward growth of the 
fold of splanchnopleure which constitutes the inner margin of 
the pleuro-pericardial cavity. 

Additional evidence is afforded by the study of the longitudinal 
sections and reconstructions of Stages III. & lY. (text-figs. 12 A 
15; FI. I. figa 4 k 5). Fiom the longitudinal sections, it is evident 
that a great increase in length of the brain has occurred in the 
mid- and fore-brain regions. If, therefore, the increase in length 
of the fore-gut were due to elongation of the brain-plate, a corre¬ 
sponding increase should occur in the portion of the fore-gut 
lying below these segments, 1 . 1 . the portion anterior to the first 
visceral pouch in Stage III. (fig. 4). Comparative measurements 
of the gut in figs. 4 & 5 show, however, that no increase in length 
has occurred anterior to the first visceral pouch. Moreover, 
growth of the medullary plate would not necessarily bring about 
lengthening of the fore-gut unless it occurred along a straight line 
representing the longitudinal axis of Stage III., r.s. unless the 
brain remained unflexed. The positions of the auditory neuro- 
mere in fig. 4 (opposite the second visceral pouch) and fig. 5 
(opposite the first visceral pouch), show that the brain-plate 
has moved forward relatively to the gut between Stages III. k 
IV, If, now, we study the longitudinal section of Stage lY. 
(text-fig. 15) we see the conditions resulting from the increase in 
length and forward growth of the brain-plate. The gut has 
increased in dorsi-ventral extent, the medullary plate projects 
considerably anterior to the cephalic limit of the gut, and 
flexure has occurred at two points; that is to say, tlie rapid 
growth of the fore- and mid-bmins, instead of involving a longi¬ 
tudinal stretching of the portion of the gut lying ventral to 
them, has caused little or no increase in length of the embryo 
along its straight long axis : the additional extent of the brain- 
plate is accommodated within the limited space by flexure. 

We see, therefore, that although the brain-plate lengthens 
rapidly after the first establishment of the head-fold, we can safely 
conclude that this does not cause elongation of the gut, for the 
regions of greatest growth of the gut and brain-plate are not 
correlated and the vdue of the forward growth of the brain as a 
factor in the lengthening of the fore-gut is largely rendered 
nugatory by the occurrence at this period of the cranial flexure. 

On the other hand, there is little difficulty in interpreting the 
progressive closure of the gut at this stage as being due to an 
entirely di:fferent cause, for the median pericardium has extended 
rapidly, its antero-posterior length in the middle line having 
more than doubled in the short developmental period elapsing 
between Stages III. and lY. (PI. I. figs. 4 A 5). As the anterior 
margin of the pericardium is in contact with the ectoderm of the 
head-fold, the rapid expansion of the cavity naturally involves a 
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closure inwards, towards the axial Hue, of the fold of splaiiclmo- 
jdeure limiting the gut. 

It is necessary now to consider the early development of tlio 
lieart in relation to the mode of closure of tlie gut describe<l 
above. It is evident, as llouviere points oid, tiiat if gut,-closure 
be effected by the backward movement of t,he cardiac fold, no 
ventral rnesocarditnn will be formed at any stage in forms, 
such as mammals, in which a continuous piui(;ar(iial cavity is 
present prior to liead-fold formation. 11 remains to he considered 
how the lateral primordia of the heart reach their f>osit.ion in 
the dorsal wall of the median pericardium. Various authoi’s, tj, 
Kohinson ( 13 ), have assumed that as the head fold forms, the 
pericardimii undergoes a complete reversal, so that its anterior 


Text-figure 24. 



Tia!»‘'VeVNO so;tions tlinmsjfli i‘m!u\os of Ihtsjfnrus vivi'rrinH8,{A) Sui'jjr I. (7 5 iinu \ 
(9) Sta}'»' II. (S'oimn.), to show tlu* ilireftion of evtoiision of tho inMir.irilml 
(’»i\ ity. 

I). 4. Djrv.il aorta. Kid. Knlotliohum. /*. Medulhiry filalo. 

P.p.V. Ple\ivo-|>pncar4ial raiiiil. 

wall becomes posterior and its ventral wall, dorsal. Of such a 
process of reversal, the longitudinal sectirms figtired here (text- 
figs. 4, 5 & 12) give no evidence. Moreover, in the anterior 
region of the poriciiruium, the priinordium of the heart on each 
side of the emhryo lies at or near the inner, medial margin of 
its pleuro-pericardial canal, so that a reversal which affected the 
anterior limb of the pericardium would indeed bring the heart 
primordia into position ventral to the gut, but would carry them 
also to the lateral margins of the gut, a pt)sition which they do 
not occupy. 

On the other hand, if we take into consideiution the fact that 
Proc. Zool. SOC.-1915, No. XXXIV. 34 
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the heart primordia lie at the medial margin of the pleiiro- 
pericardial canals, we see that the inward progression of the edge 
of the splanchnopleuml fold in the direction indicate<l by an 
arrow in text-fig. 24 A, will bring about the conditions shown in 
text-fig. 24 B. (Compare also text-fig. 8, where the relations are 
essentially the same and probably approximate more closely to 
those in the living embryo.) 

From this stage, it is evident that when the lateral limbs of 
the pleuro-jwric^iiHlial canals become incorpoiated in the median 
pericardium by the backgrowth of the cardiac fohl, the heart 
primordia will lie in the <lorsal wall of the pericaitliiim and will be 
situated towards the middle line of tlie gut. (»St?e text-fig. 8.) 
Thus, as Rouviore (14) indittites in describing similar con- 
<iitions in the rabbit, the jM>sition of the heart primordia in 
such a stage as is represented in text-fig, 24 H, is brought about 
“ by the inward extension of the latenil prolongations of the 
cardiac fold.” There is no evidence of reversal of the peri¬ 
cardium, nor is there adecpiate ground for assuming that such 
a process occurs. 

We can, therefore, gain a clear conception of the way in 
which the la.teral lieart primordia attain the position they occupy 
in Stage 111. (PI. I. fig. 4; text-fig. 8) lying side by side below the 
closed fore-gut. 

In onler to complete the history of the early development of 
the heart, it is now' necessaiy to consider the mechanism which 
brings the heart-tubes into contact in the middle line. 

If we compare figs. 4 and 5 (PI. J.) we see at once that while 
the pericardium has increased iiipidly in the antero-j)osterior 
direction, it ha^ not increased in transverse width and, in fact, at 
the point of closest approximation of the heaiii-tuhes, an actual 
decrease in width has occurred ; that is to say, the pericardium 
at this stage is growing in the antero-postei-ior direction at the 
expense of its transverse width. This fact suggests a simple 
explanation of the approximation of the heart-tul)os after gut- 
closure, for it may be supposed that if the total width of the 
pericardium is reduced by this process of stretching, the distance 
between the heart-tubes will decrease until they meet each 
other in the middle line 

The heart-tubes, in the period following immediately on their 
reaching the middle line, grow very rapidly, so that, in the next 
.stage (V.), we find various forms of curvature which serve to 
accommodate the inci’eased length of the Jienrt. In the embryo 
of Peranules ohesula described in this stage (PI. II. fig. 6), the 
heart-tubes are in contact through a great portion of theii* length 
and here follow a parallel curved couise. The separate heart-tubes 
lying in the lips of the anterior intestinal portal, however, show 
a maz'ked difference from each other both in their lengtli and the 

* The 8iigge«tioii that the appi*oxiniation of the heart-tnheR is duo to such a 
gi'owth in length without coiiipeiieatory growtli in width was made to me hy 
Professor Hill. 
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form of curviiture, the ri^lit primordiiim bein^^ Jnr^l^er iiml more 
iiinrkeclly curved thmi tlie left. This asymmetry occurs to a 
somewhat less extent in the Onychoyale euihryo of this stage, 
and also in a number of embryos of Dasi/nras eicerririHH of about 
the same stage, so that evidently at this [)eriod the right and 
left primordia of the heart develop indep(‘inlently of eacli other. 
Tt may he suggested that the greater length of the right heart- 
tube is to ho accounted for hy the fact timt it is destined to 
form the convex, longer side of the comjdeted ventricular 
limb. 


lb l)t'C(4(tjnnent (tj thfi (Uirdnial Vfins. 

Before summarising the resfilts of my observations on tbe 
development of tbe cardinal veins, more pai ticularly the anterior 
cardinals, it juay l)e useful to give a short resume of previous 
work in this field. 

Ht>ftmauu (7) in describiMl the development of both 

anterior ami posterior cardinals in Stdachians by the formation 
of a series of otlsboots fi’om tbe dorsjil aortse. These ofislioot.s 
become connected on each side to form a continuous longitudinal 
trunk. Ho figures capillaries lyitig on both mcdia>l and lateral 
sides of the auditory \esicle, hut makes no comment therc(ui. 

Salzer (17) in 1805 dehcribed the development of the anterior 
cardinal veins in the guinea-pig. Ac(‘ording to him, the first 
\ein t>f the head arises on the medial side of the cranial ganglionic 
))rimordia. A vein next arises lying lateral to the ganglionic 
in iinordia of nerves Yll., IX. k X. and to the auditory vesicle. 
This vein, which Salzer calls “ \ena (tapitis lateralis,*’ (*ommnni- 
cates with the media] vessel and seems to Ix’ fmTiied from a series 
of lateral outgrowths from it. The medial vessel degenei*ates in 
the region of nerves VII. to X., so tJiat foi* a time there is a 
condition in which the vein of the Jiead rinis medially to the 
trigeminal nerve, then, ]Missing laterally, runs outside nei*ves V'll., 
IX. & X. and the auditory vesicle, ami finally passes round the 
medial side of nerve XJI. before opening into the Cuviei ian duct. 
In subsequent stages, the prcicess of develo])mpnt of the lateral 
trunk is continued anteriorly and posteriorly in the region of 
tbe trigeminal and hypoglossal. ^’Iius the definitive anterior 
airdinal vein runs laterally to all the cranial nerve-roots. 

(irosser ( 6 ) in 1907 gave a similar description of t.h(» develop¬ 
ment of the anterior cardinals throughout the vertebi*ate series. 
He calls the vein lying medial to the nerve-roots the m/a capitis 
medialis, and the lateral vessel tlie vena capitis lateralis. The 
former develops first and lies close against the neural tul)e. 
From it are given off lateral vessels which become connected on 
the outer side of the nerve-roots to form the vena capitis lateralis. 
The vena eapitis medialis persists only at its anterior end, tho 
rest of tho anterior caiHlinal being derived from the vena capitis 
latemlis. 


34* 
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Turning now to the facts revealed by the foregoing study of 
PeramdeSy we find both the vense capitis medialis and lateralis 
present. In Stage Til. the first traces of the venous system 
of the head are present in the form of isolated segments of the 
vena capitis medialis. Further, in this stage, in the region of 
the somites, there is on each side a series of dorsal offshoots from 
the dorsal aorta (text-fig. 11) partially connected to form an as 
yet incomplete longitudinal vessel lying, like the vena capitis 
medialis, close against the neural tube. This vessel Hoffmann 
(7) described as representing the primordium of the jwsterior 
cardinal vein. It is worthy of note that whilst the origin of this 
vein from the dorsal aorta is thus clearly demonstrated, no 
connection between the anterior segments of the vena capitis 
medialis and the dorsal aorta could be observed, even after 
careful study of the individual sections under the high power. 
In the next stage (TV. P, luisaia 2 P), however, the vena capitis 
medialis, though not forming a continuous longitudinal trunk, is 
recognisivble throughout the head i*egion and is connected at 
irregular intervals with the dorsal aorta. Fuithermore, the 
vena capitis mo<lialis in this stage gives off lateral capillaries 
which anastomose to form the priinoi'diuin of the vena capitis 
lateralis. In the somitic region we find again a series of inter- 
segmental ofislioots from the dorsfil aorta. ^J'he veme capitis 
lateralis and medialis continue to develop side by side, giving vise 
to the condition shown in PI. II, fig. 7 {V.C.L. and 
(See also text fig. 25.) In this stage the dorsal aorta and the 
vena capitis medialis are connected by small capillaries (see text- 
fig, 20) whilst anteriorly the two vessels pass into continuity with 
e»ich other From the material available it is not possible to 
say definitely how these connections arise, hut the facts suggest 
that the vena capitis medialis is derived from the clorsal aorta. 
This view is further 8uppoi*t.ed by the oxisteTice in the trunk 
region of a longituditfal vessel which is undoubtedly formed from 
a series of outgrowths from the dorsal aorta (text-fig. 11). This 
vessel apparently bears the same rela.tion to the ]>ostorior cardinal 
that the vena capitis medialis does to the anterior cardinals, t. 
it gives origin to capillaries which contribute to the formation of 
the posterior cardinal. The origin of the vena caj)itis medialis 
from the dorsal aorta cannot, however, be regarded as proved, for 
in the first stage in which it is recognisable, no connection with 
the dorsal aorta could be tmeed ; in the two following stages (I V. 
and V.) the conncjction is established and is lost in all subsequent 
stages (e.^. VI.). 

From the descriptions of Saker (17) an<l Grosser (6) it seems 
that in the forms which they have studied, the vena capitis 
medialis fuses in its entirety with the vena capitis lateralis, and 


* ProfeHRor Itatta tell« me that he has found this condition also in the embryo 
of the lanipivy. 
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the anterior cardinal vein fornietl by the fusion of tliese two 
vessels passes ventro-laierally to ojkui into the Cuvicrian duct. 
This description is not, however, apj)lical)le to I^erameles, In 
Stage V. (PI. 11. fig. 7) the vena capitis riicdialis is continued 
backwards into the trunk region of the enibryo. The vena capitis 
lateralis lies parallel with it and communicates with it repeatedly 
in the anterior region; it then div’erges from it ami constitutes 
here the vessel usually known as the anterior cardinal vein, 
opening into the Cuvierian duct. The pf)sterior piolongation of 
the vena ca()itis medialis continues as a small vessel lying alongside 



Dia^iniu of the rdatioiih of the \on;i* cnpitiN uilmIikIin jukI l.itovaliN to the 
of’tlu* lu'nes. Yiewtnl fioin the as|K*ct. 


A. Stage V. Pcramelrf ohisnla (UKviiuO,')). H. Stage with twehe eratiial nerve*?, 
Perameles na^ntit (13 vii.Oo). 

vt.r.r. Anterior eardinnl vein. Auditory vesicle. C.D, Cuvierian duct. 

H,li, Hind-hrain. r.C.f., Vena aipitis lateralis. V.C.JU. Vena eapitis 

rnediulia. Trigemiiml nenv. IT/. Kaeial nerxo. IX. X. roininon 
root of glosso.pliaryngeal and vagus nerxes. XU. Hypoglossal nerxe. 


the uetjral tube in tlie trunk region. The Cuvierian duct arises 
as a relatively large veasel lying in tbe somatopleure dorsal to 
the posterior portion of the lateral heart-tulies. From its 
])osterior extremity tliere runs hick a series of capillaries which 
anastomose with capillaries arising from the jirolongation of the 
vena capitis medialis. From this line of capillaries, which thus 
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shows a double origin, the posterior cardinal vein is undoubtedly 
derived, but the details of the process of development of the 
postoardinals cannot satisfactorily be woi'ked out in the material 
available. The above account, however, agrees with that of 
Evans (2) for the chick with regard to the origin of the post- 
<»irdinal from capillaries derived partly from the Cuvierian duct 
and partly from a vessel lying close to the neural tube. 

The vena capitis lateiulis in Stage V. is connected anteriorly 
with the primary head capillaries arising from the first aortic 
arch and also with groups of capillaries in the mandibular and 
hyoid arches (see PI. II. figs. 6-8). 

In subsequent stages, the development follows the course 
(lescribed by 8alzer (17) and by Grosser (6). Thus in a stage in 
which twelve ciunial nerves are established {Peramelea itasttfa, 
13. vii. 05), the anterior cardinal vein runs medial to nerves V. 
end XII. and lateral to VIf., IX,, and X., and to the auditory 
vesicle (text-fig. 25 B); /.the portion in the region of aiul 
anterior to the trigeminal nerve and also that posterior to the 
vagus, is derived from the original vena capitis medialis, the 
intervening jwrtion from •the vena capitis lateralis. Traces of 
tlie vena capitis medialis are, however, still present on the medial 
side of nerves VII., IX., and X. 

Florence Sabin (16), in a recent note on the flevelopment of 
cardinal veins in the chick, supports the view that the cardinal 
veins are derived from the dorsjil aorta. She, however, states : 
‘‘The part of the head vein which lies close to the neural tube 
arises from the arch of the aorta and is a part of the vascular 
system of the centnil nervous system; the caudal part of the 
head vein aiises directly from the In this respect iny 

results diflfer somewhat from hers, for in Peramdea the vena 
capitis medialis (i. e, “ the part of the head vein wdiich lies close 
to the neural tube ’’) is present before there is any tiuce of the 
capillaries arising fioni the ai*ch of the aorta (Stage III.). It is 
indeed secondarily connecter! with these, but as is shown in 
PI. II. fig. 7 {y.C,M,) it also extends up to the extreme anterior 
end of the head in close relation to the dorsal aorta with which, 
in fact, it fuses. Since this vein exists before the formation of 
the head capillaries wliich connect it with the nvch of the aoila, 
it obviously cannot be derived from tha.t arch. 

In seems, therefore, that in Selachians (Hoffmann (7)), the 
chick (Evans (2), Florence Sabin (16)), and also in Peramelea and 
Macrofnis, there exists in the primary condition a continuous 
vessel lying close to the nerve-cord througliout its length. This 
vessel is deilved in the postenor and probably also in theanten’or 
i*egion from the dorsal aorta. It contiibutes to the formation of 
both anterior and posterior cardinal veins. 

It may be concluded that the pi’esence in early stages of a vein 
lying close against the neural tube throughout its length is 
correlated with the relatively gi*eat importance of the central 
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nervousHystieni in these stages. The hraiiian^l spinal eord, being 
the first organs to attain any eousiderahle degree of development, 
are naturally the first to receive a vasciilHi* siipfily, and both vena? 
(upitis lateralis and medialis persist for some time, forming a rich 
supply of capillaries to tlie brain and surrounding the developing 
cranial nerv’es. 


Fixal Summary and Coxclvsioxs. 

The facts revealed the study of early stsges iu the 
develo}mient of Marsupials jioiiit to the conclusion tliat while 
the iiiitintion of liead-fold formation is in all prohjihility due to 
the forward growth of the l)rain-f)Iate, there occurs Jilso an jwtixe 
hackw^ard growtii of the anterior intestinal portMl. 'Phis jn’ocei'S 
is associated with the I'upid expansion of the pericartliiim wliicli 
ocrurs at this period of development, and wJiicli brings about the 
backward and inward growth of the layer of splanchnopleure 
liiniting the pericardium. 

In the course of this inward closure, the }>eri(*ardial cavity 
extemls to the ventre lateral ami finally to the veiitral side of the 
lateral ywimordia of the heart, so that when the lateral j)ortions of 
the pericardium hm)irie incorpoiMted iu its median limb, the 
heart priinordia lie in the dorsal wall of the pericardium. 

'Phe approximation of the heart-tubes after gut-closure is 
due to the fact that, at this jjeritMl, the pericaiulium grows 
rapidly in length and decreases in width so tliat the heart-tubes 
are brought together by longitudinal stretching of the [)ericai <lial 
wall lying between them. 

Curx ature of the heart is duo to its I’apid growth at a perioil of 
less active extension of the pericardium. 

The first two aortic arches in PerameUa ;ire typical, *uid the 
flevelopment of the veins of the head resembles tiint pr(K*e.ss in 
other mammals in that the anterior cardinal vein is derived fiom 
pei'fiisteut jwrtions of two primitive hea<l-veins, the vena* cajdtis 
medialis and lateralis. The posterior <*oiitirniation of tlie vena 
capitis niedialis also contributes to the formation of the posterior 
cardinal vein and is itself derived from the dorsal aorta. 
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KXl*LAi\ATK)N OF THE PLATES. 

IjcHeruttf, 


J. Auriclt*. 

J.l, J.2, -4.3. Fiist, se«*(>iid and third 
aortic arciioN. 

J.(\ An^jioblaHt cell. 

A C.l\ Anterior cardnnil vein. 
J.LP. Anterior intestinal portiil. 
J.A’. Auditory neuroinere. 

A.r, Auditttrv vesicle. 

Auriculo-xentricular con¬ 
striction. 

If.A, iJullni^ arleiiosiis. 

r />. (^uieriaii duct. 

I). A. Dorsal aorta. 

Kwl. Endothelium (»f heait. 
FAi. Fore-gut. 


a. Out. 

2/.R Hind-hrain. 
l.(\ Jnternal carotid artery. 
M.M.r. Margin of the medullary 
plate. 

A/y. Myocardium. 

P. l^-ricardium. 
i*.;> (\ lMeiiro-i»eneardial canal. 
Trigeminal ganglion. 

/ Vent ru le. 

Vena capitis lateralis. 

/' (\M. Vena capitis medialis. 

First and second visceral 
jiouches. 


Pj-aib I. 

Figures 1-0 represent graphic r< construetioiis of the anteiioi ends of five einl)r 3 os. 
viewed from the ventral aspect ami all drawn at the same magnitiiation. 

The outline of the gut is indicated hya broken line and its area iv stippled, 
except where it is covered 1»3 the perieanlmm. 'J'lie limits of the pen- 
cardium are indicated h.x a line black line and its urea is coloured gre^v. 
'llie endothelial heart-tubes, the aorta and the aortic arches aie coloured 
red. The outline of the hraiii-plate is shown as a heavv black line where- 
ever it xias possible to ileteimine its limits. Jii the region of the neural- 
crest )>rolitenition in Stage I., the niurgin of the medullary plate is 
indistinct; a dotted line heie indicates its piobahle outline 
The outlines of the gut, perieaidium, and hiain-plate were plotted on one 
side onl^, and the siroiid side is a duplicate oi the first, excejit in the ca^e 
of figure 1 [Pi'ramclea ohvmtht 1 Z), where the j>eiicardium was ]>lotted on 
botli sides, as in this mstaiice tmly was aii> marked asMiimetrv observed. 

Fig. 1. Stage I. Pvramvhs ohvmda 

2. 1, 7M.v//uc/of r/rerc#Mw« t7’o mm.), 

if. ,, 11. />. twivccmi^v (8*r» mm.). 

4. ,, 111. i*. WtfUMfo (I S). 

fi. IV. P, nasMtu VlV). 

PUATB II. 

Figures 0-8 represent three views of the wax nualel of the heait and gut of 
PeramAt'$ ohexula (lU.viiiOO) Stag** V. Tlu* gut is painted whitt', heart 
eiidolheliuiii nnd aiteries red, veins and most ot the eapillaries bine, and 
mvoeiirdiniii > el low. 

These three figures were painted by Miss K. A.Steele. 

Fig. 0. Ventral view of model of I\ oh^stda (lO.v iii.OM), 

7. Dorsal view. 

8. Lateral view. 
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3l5. On Spiders of the Family Saltioidro collected by the 
British Ornithologists’ Union Expedition and the 
Wollaston Expedition in Dutch New Guinea. By 
H. R. Hoao, M.A., F.Z.S. 

[lieceived and Head May 25, 1915.^ 

(Text-figures 1 II.) 


Index. 


lioHhopoHia orrflaia, geii. et sp. n. 

501 

Diohnins albopicens, sp. ti. 

50i 

TeUtmonia sp. ii. 

50.> 

T. mandihnlatn, sp. ii. 

oiM 

Jolft* igneuHf sp. ii. 

510 

riexippuH pagknUii 

. 512 

Zciutdorm d'urvillii 

513 

Z. danaCf sp. n. 

5U 

Z. r/ntdopr, sp. ii. .. 

517 

Z. itf/rtHjr, sp, n. . 

519 

Mopsut morinott 

522 

Bathippvi montrouzivn \Hr, puptuntus 

522 

Jlasarinit t/huictfH. sp. u. 

523 

Ci/ttwa sghiuf, sp. ii. 

521 

hiodumia, sp. ii. 

529 


'Fho s}>i<lers herein <lescril>ed complete the record of the 
c<»llectionh made h}^ tlie above named Exj>editions kindly entrusted 
by the prtmioters to my care. The paper in wliicli I ilescribed 
the bulk of the collection appeared in V<»1. XX. Part 14, of the 
Transactions of thi.s Societ\. 

Tliis interesting atldition to our previous knowledge includes 
some very Wautifnl forms of the exquisitely spangled varieties 
which in their small bodies rival the coloration of the brilliant, 
bird fauna in which New Guinea is so rich. In spite of the 
considerable amount of w’ork devoted of late years by many able 
contributors to collections brought from that country, it is evident 
that much remains for future explorers before its numerous 
sp<*cies ai*e exhausted. The proportion of new forms to those 
already known among these is about three to one. 


Family S A l t i c i D d:. 

Section Pleuridentati. 

Group Bootue.k. 

A 

ilOETHOPOHTIA, gen. nov. 

Boethoporiia differs from Poriki Karsch in having the front 
row' of eyes straight along the upper edges and the rear row’ as 
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wide as the front row, and from Boetlieus in having the femur, 
patella, and tibia of the first pair of legs stouter than the others, 
finibriations of long bristles at least on the tibia of the same, and 
tlje metatarsi and tarsi of all legs very fine, tlie former at least 
as long as the tibiae. 

Boethopoutia ocellata, sp. n. (Text-fig. 1.) 

1 male and 1 female. {Ti/pex of the species,) 

Female, The cephalotlioiax is bright chestnut-red, blsck round 
the eyes with sparse white hail's; mandibles red-brown with pfde 
red fangs; lip and maxillae red-brown, paler at the front edges, 
with yellowish-grey fringes. Sternum also red-brown with 





Boethoportia aeellataj gen. et np. n., 9 • 
cpigyne; ft., profile; c., male palp; d,, roftndible showing teeth. 

yellowish-grey hair. Coxsc red-bix>wn; femora brown under¬ 
neath, with yellow patches on the upper side ; tibi«e brown, with 
a yellow band in the middle and long brown bristly fringes. 
Metatarsus and tarsus yellow, with here and there patches of 
wdiite hair. The abdomen pale yellow at the l>ase, the remainder 
with large greyish-yellow spots on a brown gound ; the underside 
is also brown with yellow spots, the hairs greyish-yellow on the 
pale parts, brown on the darker portions. 

The cephalic part of the cephalothorax i.s flat over the eye-space, 
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sliglitly sloping foiwvartls, from tlie 03^*8 it slopes steepl}^ down 
to the niai’gin at the si<lf‘s and real*. 'Die thorn,cie part is hnroly 
ono-half the lengili of the cephalie, an<l tlie rear slope is deeper 
than the whole length of the eephalotliornx. 

The front median e,yes }>roject forwai*d on l)la(*k rims. They 
are three times the diameter of the laterals, which stand hack 
somewhat, hut an^ level with the former along the upper margins. 
The eyes of the rear row are of the same size as the fi ont laterals. 
The usually small e 3 '^(\s of the median row have a diameter tw^o- 
thirds the length of these; they are rather nearer to the fr<uit 
lateral than to l-he imr eyes and arc* somewhat closer together 
than eitlun*. 

The ahdornen is hromllN’ ovate, straight and widest in front ; 
tie spinnerets are t.erminal, the superior having a conical second 
joint-. The e])igvne is roughly triangular, rounded at the a])e\ 
an<l incurved in thti middle of the base-line, with hoiizontal oval 
peril!res at the lower cornei‘s. 

Muh. Similarly coloured to l-lie fetnale. 

'riie m (3 isur{‘ments (in millimetres) are as follows : — 
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Group BioLENiEifi:. 

Geniis Diolenius Thor. 

Thorell, European Spiders, 1870, p. 203. 

E. Simon, Hist. Nat. des Ar. vol. ii. 1901, p. 480. 

Diolenius albopiceus, sp. n. (Text-tig. 2.) 

1 female. {Type of the species.) 

Feriude. The ground-colour of the cephalic part is black-brown 
with white hair at the sules and round the €jyes, greyer and finer 
inside the eye-square. The outer margin of the thowicic part is 
dark yellow-brown, but across the middle is a broad white-haired 
transverse stri|)e. 

Text-figure 2. 



Diolenius albopieeuSj ttp. ii., $. 

a., stermim, coxab, and trochanters; eyes from in front; c,, eyes from above; 
d.jepigyne; e., profile. 

There are also three unbroken wide transverse sti ipeg across 
the abdomen, one near the front, one in the middle, and one at 
the posterior end. 

Tliere are seven pairs of spines on round roots on the under 
si<le of tibia i,, but no row of long hairs between them as in 
D. amplectena^ and five {mirs of spines under metatarsus i. 
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The measureiueuts (in millimetres) are as follows:— 




Broad. 



Cephaloihoriix... 

n 

i U 
IM 

front. 


Abdomen . 

H 

2 



Mandibles .. .. 
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Tr. & fern. 

Pat. Motat. 



CoXH. 


& til). & rai’N. 


Legs . 1 . 

1 

H H 

3 = 

114 

2^ 


n 

2 2 = 


3. 


2 

2 2 = 

b.r 

4. 

I 

Ii 

h 

3 3 = 


Palpi . 

1 

i 

1 

1 if = 

2*'^ 


Of the half-dozen soineVvhat similar sj>eries described by Thor ell 
from New (ininea and the nei^hbouihood, this is m?arest to 
/>. m)} pi fide it a Tliur, (Ka^ni Anst.-Malesi, 1881, p. 412 et seq,). 
If ditlei's therefrom in having the front row of eyes more re¬ 
curved, the line touching the upper edges of the median cutting 
the side eyes at a point near the lower margins; the diameter 
of the median is slightly more than twice that of the side eyes. 

Jt diflers from ]), phrynoidfisV^uXvk. in having the tibia of the 
front pair of legs cylindrical instead of club-shaped, and without 
any timbrintion on the under side. 

J>, /attciaiitfi Thor., the (‘oloiation of wdiich is somewhat similar, 
has (acct)rding to that author) eight ])airs of stout spines under 
tibia i. and only two [)airs under metatarsus i. 


Section Unidentatae. 

Oioup (’iiiasinnKA-:. 

Genus Teuamonia I’hor. 

Thorell, Ann. Mus. Gen. ser. 2, vol. v. 1887, }>. [185. 

K. Simon, Hist. Nat. des Ar. vol, ii. lUOl, p. 552. 

Telamonia vidua, sp. n. (Text-lig. 3.) 

1 female. (^Type, of the, ajifcks.) 

Female, The cephalotliorax is black, sparsely covered with white 
squamous hairs and upright black and while bristles over the 
eye-space, on the clypeus they are gre^u’sh-white. The mamlibles 
are black, paler about the falx-margin, the fangs daik red-bi-own. 
Jjip, maxilla?, and sternum black-brown with greyish hair. The 
legs yellow-brown underneath, the coxa' quite bright yellow, buty 
the first thi'ee pairs of femoia are dark yellow-brown on the 
upper side. The abdomen is black above with upright grey hairs 
and bristles, a white area of scjivunous Imirs at the base, and two 
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similarly haired transverse bands broken in the middle, one 
about the middle and the other near the posterior end. On the 
under side, a black oblong area with a pale yellow-brown border 
reaches to the sides. 

The eye-space slopes forward and covers about two-fifths the 
length of the cephalothorax. The latter is convex, high, and 
slopes from the rear eyes to the posterior margin. 

The rather large triangular tooth on the inner margin of the 
falx-sheath, though not far from the base of the fang, terminates 
the chitinous rim, the margin being cut away below it. The two 
teeth on the outer margin are further down ami sbxnd at the 
normal end of the stune. The abdomen is ovate, rounded in 
front, and tapers a-t the posterior end. 


Text-figure 3. 



9elamania vidwi^ 8p. ii., V • 


a., iiuirip ?; h.f mandible sliowinji: tooth; male palp; d.^ oi>ip:\ no; 

0 ., profile. 

The rear row of eyes is not quite so broad as the front row% 
and narrower than the cephalothorax at the point wliere it 
cro.sses the latter. The front row is recurved; the side eyes 
half the diameter of the median, standing a little away from the 
latter. The lip is longer than broad ; the maxillce, upright, 
rounded anteriorly, and thickly covered with bristly hair, are less 
than twice as long as the lip. The sternum is ovate, truncate in 
front, where it is twice as wide as the base of the lip. 

Under metatarsus i. are two pairs of spines, one near the base 
and another at the anterior end« There are two spines above 
on femur iv., one small on the outer side of the patella, two 
pairs on the tibia, two single ones on the outer side and a buncli 
at the anteiior end of the metatai'sus, all of moderate size. 



PEO^I DUTCH NEW GUINEA. 


507 


The measurements (in millimetres) are as follows:— 



Loner. 

Broad. 




Cephalothorax... 
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J 2.4 in 
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H 
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4. 

1} 
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H 
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Palpi. 

1 

•4 

2 

H 

H = 



Male, A soinewliat broken sj»ecinien, almost similar in (‘oloiir- 
ing to the above, appears to be of tlie same species bul., as in 
other cases, the first pair of legs is the longest instead of the 
fourth. The shape of the ceplialothorax and positions of the 
eyes are siinilai* as also the falx-sheath teeth, hut the lip is rather 
broader, making it as broad as long. The coxse have thick white 
hairs at the ends adjoining the trochanters. 

The white pattern on the back of the abdojuen is formed of 
scales in two rows of rather large sj>ots disposed longitudinally 
instead of transvt*rsely, and the pale bordering on the under 
side is less distinct than in the female. There is a row of 
eleven spines on the anterior half of tibia i. underneatli as in 
T. trahifera Thor, and alliwi species. 

The inejisurements (in millimetres) are as follows:— 
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Cephalothorax... 
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In * Ragni di Celebes,' p. 251, Dr. T. Thorell described a male 
from Kandari which he named Telanionia {Moevia C. L. Koch^ 
1848) latrmicula. This is apparently very closely akin to the 
above female, but differs in having a white marginal fillet round 
the cephalothorax, and elsewhere being brightly coloured red,, 
blue and green, and having the lip 1J longer than broad. The 
Proc. Zool. Soc. —1916, No. XXXV, 35 
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legs are shorter, but in about the same proportion as in this 
female. 

Either that or the above described male appears near enough 
to belong to the female, but of coarse the pair above described is 
known to be from the same neighbourhood. 

Telamonia mandibulata, sp. n. (Text-fig. 4.) 

1 male. {Tt/pe of the species,) 

Male, Cephalothorax black-brown, with white s(|uamiiles over 
the eye-space intorspe^rsed with a few upstanding black bristles ; 
the mandibles are black-brown. The lip and maxilhe bi'own witli 
mldish fringes. The sternum dark brown with greyish-white 

Text-figure 4. 



C 


Telamonia mandihvlataj Hp. n., ^. 
a., eyes; h., mandibles, lip, and maxillm; c., male palp. 


hair. Of the coxae, which are all contiguous, the first pair are 
brown, the remainder bright yellow. The abdomen is black- 
brown on the upper side, with upstanding white bristly hairs and 
a fillet of white squamules round the base and sides; inside this 
are two rows of large spots of the same arranged longitudinally 
from a little before the middle to the rear end; underneath it is 
a dull yellow-grey. The front pair of legs is brown all over 
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with the exception of a pale yellow ring at the distal end of 
the tibial joint. The other legs are yellower. Tliey are all 
sparsely furnished with white almond-shaped scales and up¬ 
standing pale yellow-brown hairs. The palpi are as dark as the 
first pair of legs. 

'rhe cephalothorax is about one-fifth longer than broad, flat on 
the eye-space, highest at the level of the reiir row of eyes, whence 
it slopes sliglitly forward and steeply to the inai-gin all round. 
The eye-space, broader than long, exteruls to nearly one-half the 
total length ; it is slightly narrower at the rear than at the 
front. The eyes are all ringed with wide black juargins. The 
small eyes of the median row are about midway between the 
rear an<l the front si<lo eyes. The clj'peus is one-third as wide as 
the tliameter of the front median. The front row is recurved, 
the side eyes being slightly separated from the median wliich 
are close together. 

The mandibles are jjerjHmdicular, convex on their outer side. 
At a short distance fi*oin their inscn-tion below the clypeus they 
begin to widen out towards the anterior end, wliere they are 
twice their width at the l)ase. The total thickness at the anterior 
end, in addition to the space between the inner and outer 
margins of the falx-sheath, comprises a superimposed I'aised area 
reaching from neiir the outer margin to the corner farthest away 
from the base of the fang, where it emls in a large prominence. 
Between this and the normal hilx-sheath margin it is hollowed 
out. On this secondary outer margin is a small fringe. The 
usual falx-sheath is wide and deep, the inner margin terminating 
in a large conical tooth at its lower end, fi’om here to the base of 
the falx the thickness is considerable. 

The lip is longer than broad ; rounded anteriorly and naiTowed 
at the bise for about one-fourth of its length, it is remarkably 
convex, the middle being a considerable height above the level 
of the margins. The maxillse are upright, rounded anteriorly, 
narrowed at the base, about twice as long as the lip, and as broa(l 
as the latter is long. They are also very convex, being raised to 
the middle of their area in successive!}’ smaller layers, and termi¬ 
nating at their greatest convexity in a small boss. 

The sternum is ovate, truncate anteriorly, where it is wider 
than the lip; the front coxw are clearly longer than the others. 

The abdomen is ovate, with rather long terminal spinnerets. 

There are two spines above on femora i. and ii. One weak 
spine on the inside of each patella, one pair at the base of tibia i., 
two single on the outer side, and a row of eleven on the anterior 
half of the inner side of the same. Four pairs under tibia ii., 
one pair and an anterior bunch on metatarsus ii. 

The tibial apophysis of the palp is broad at the base but tapers 
to a fine point. The distal joint is short and broad near the 
base, rounded at the sides and square at the anterior end, with 
a 8hoi*t stigma springing from a hollow above the bulb. The 
patella is as long as the tibia. 

35* 
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The measurements (in millimetres) 

are as 

follows:— 
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The legs are of about the same proportion as those of T, 8C(daTis 
Thor, from Ternate. The species resembles T, trahifera Thor, 
and some others in the row of 11 spines on the side of tibia i. 
(Thorell, Hagni Austro-Mal. 1881, pp. 477 k 480), but differs 
from all in the extreme convexity of the lip and maxillfi?, and the 
shape of the mandibles. 

Group Saitejs. 

Genus Jotus Kcxdi. 

Jotus L. Koch, Die Arach. Austr. 1881, p. 1243. 

JoTUS iGNBus, sp, n. (Text-fig. 5.) 

1 male, 1 female. {Types of the sjt^ctes.) 

Female* The cephalothorax is pale red-brown, moderately 
thickly covered with recumbent yellowish-white hair and on 
the eye-space with upright white bristles; round the margin of 
the front eyes are ffllets of curly white bristles and ffiuch longer 
ones of the same coloui^ on the clypeus. 

The mandibles are yellow-brown, darkest on the anterior 
margins, with the fangs brown at the base and j^ale red at the 
anterior half. 

The lip and maxillse are orange with dark yellow fringes, the 
sternum and coxae paler yellow with yellowish-grey hair. The 
legs are bright yellow, the front pair being rather the darkest. 

The abdomen above is pale yellow, with smooth silky white 
hair. Along each side a row of large brown spots forms a broken 
line nearly continuous at the rear end: on the under side is a 
wedge-shaped brown area extending from the genital fold to just 
above the spinnerets. The front and sides are the same colour as 
the upper side. The spinnerets and l^asal portion of the epigyne 
are darker yellow. 

The front row of eyes is recurved, slightly wider than the 
rear row, which is narrower than the cephalothorax at that part, 
and the small median are midway between the rear eyes and the 
front laterals. 
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The single flat triangular tooth, about the middle of the inner 
falx-sheath margin, is particularly large, and the anterior tooth 
of the outer margin is also mther large. 

There is a row of three short spines in front of each femur 
above, with two single spines about the middle. On the under 
side of tibia i. and ii. are three pairs of long powerful spines 
and two smaller spines on the inner side ; on metatarsus i. and ii. 
underneath are two pairs of long spines; on metatarsus iii. and iv. 
are a pair near the base and a bunch at the anterior end, and 
on tibia of same two above, two on the side, and a pair under¬ 
neath. On the femoral joint of the palp are two spines, on the 
patella one on each side, on the tibia one above, and on the distal 
joint one below. 

'IVxt-flgure T). 



Jotus iifneuSf hp. ii., 

a., female ; ft., eyes and mandibles of female; mandible showing teeth of male; 
d., epigyne of female; p., male palp; f.^ Plexippus paykulli, epigyiic of 
female. 

Male* Similarly coloured to the female, the sides of the cephalo- 
thorax being, however, darker brown and the brown stripes on 
the abdomen continuous; the brown area on the under side also 
begins quite at the base. On. the front pair of legs the femora 
are darker than on those of the others. The distal end of the 
tibisB and metatarsi are also rather darker. 

The male palp is of the same pattern as that of J. auripee 
L. Koch, but the epiphysis is not serrated, nor are the bristly hairs 
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nearly so thick and long. The pattern of the cephalothorax: 
differs in having pale median and marginal stripes, with a 
darker yellow-brown area between, instead of black, and the 
median area on the upper side of the abdomen pale instead of 
dark. Its lai'ger size also distinguishes it from the former. 

It will be seen from the measurements below that in the male 
the first pair of legs is longest, while in the female it is the fouith 
pair. There is no appreciable difference in the length of the 
tibia and patella iii. and iv. in the female, while in the male those 
joints in the fourth pair are only very slightly longer. 

The measurements (in millimetres) are as follows;— 

Male. Female. 

Lon^. Broad. Lon{?. Broad. 

Cephalothomx... 4,4 14| 13f'-on*- 


Abdomen. 6 2| 5 

Mandibles . 2-J 1J 

Male. 

Pat. Mctat. 

Coxa. Tr. & fern. & tib. & taiMs. 

Legs. 1. li 4 5 4 « 14| 

2. 1 3^ .4 3 « ILj 

3. 1 4"^ ^ 34 = 12 

4. 1 4 3| 3| «= 12J 

Palpi . i 2 IJ 1| = 

Fenude. 

Legs. 1. Ij 4 4 3 = 12| 

2. l| 4 3 2| = 10| 

3. IJ 4 3J 3| = 12| 

4. 4 3i 3| = 12| 

Palpi. i li H H = H 


Group Plbxippeje. 

Genus PlbxipPus C. Koch. 

PUxippus 0. Koch, Ueb. Ar. Syst. v. 1850, p. 51. (Ad part. 
P. ligoszP, payhdlii Aud.) 

Plbxippus paykullii Aud, (Text-fig. 5,/,) 

AUu 8 pa^kMU Aud. in Sav. Desc. de I’^gypte, 2*^ Edit. 1827, 
vol. xxii. p. 172; 1. o. pi. vii. fig. 22, folio. ? 1826. 

SaUieuB mlicivortie 0. L. Doleschall, Tweede Bijd. Arach. van 
den Ind. Archip. p. 14, pi. ix. fig. 5 : Act. Soc. Sci. Indo-N4erl. 
vol. V. ISSS-fi. 

Menamerus cvlicivorm T.Thorell, Ragni Selebes, 1877, p. 228; 
id., Bagni Amboina, 1878, p. 237; id., Bagni Austro-Mal. 1861, 
p« 508. 
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MenemeruapaykulU Keyserling, Die Anich. Aust. 1883, p. 1425, 
pi. cxxiii. fig. 4. 

rUicippus paykuUi T. Thorell, Ragni Indo-Mnl. 1891-2, j). 369. 

1 male and 3 females. 

Collected from Spain and Afi-ioa; .also, according to various 
authorities, round the world eastwaids and, accor<ling to F. O. P. 
Cambridge, in S. America. 

It is impossible to compare Dolesclmirs drawing of S. cvU- 
civorvs with a l ecognised female specimen of 1\ without 

feeling that it must have been diawn from the same, and 'J’liorell 
aj>pari'ntly arrived at this conclusion (Itagni Jndo-Mal. 1892, 
p. 37(>). Jn his description, which is cjuite short, Dr. Doleschall 
sa 3 'K tliat the legs are in the order 4 3 2 1, while it is certain that 
the second pair is the short£*st. 

Tho patella and tibia iii. are of the same length as patella and 
tibia iv.,and the rear row of eyes in the female is slightly shorter 
than the first row, while in the male it is quite clearly so. 

Von Keyserling gives an excellent diawing of the male and 
adds what he says is the epigyne of the female ; the latter, how¬ 
ever, is quite unlike those of .specimens in the British Museum 
(Natural History), which resemble the above. (See text-lig. 5, /’.) 


Group ZENonoitEiE. 

Genus ZEXonouvs Peckham, 

JCphijtpna T. Thorell, Bagni Aust.-Mal. iii. p. (543 (1881). 

Zenodorns G. <fc E. Peckliaiii, Phh*. Nat. Hist. Soc. Vise. vi. 
p. 287 (1885); E. Simon, Hist. Nat. <les Ar. vol. ii. 1901, p. 656. 

Zenodorus d’uuvillii Valck. 

Attus iViirvillii Vnlck. Hist. Nat. des Ins. Apt. i. p. 459* 
(1837). 

Zj^hippns (Turidllei T. Thorell, loc. cit, p. 653. 

Zenodorus d'urvillei G. & E. Peckham, loc. cit» ; id., E. Simoiiy 
loc, cit, 

1 male. 

This male seems clearly to belong to this species, agreeing 
with Thorells elaborate description, and showing the first pair 
of legs longest, though not so long in proportion as in some later 
described species. The mandibular tooth on the inner margin is 
conical and quite large if the soft bawil portion is taken into 
consideiiition, and only “very minute” if }ou reckon the point 
alone, which is darker and harder. The mandibles are hollowed 
out in the middle of the inner side, much corrugated, and the 
stout base of the short curv’ed fang occupies the whole of the 
anterior end of the falx. 

A raised flat rim at the front of the clypeus seems a feature in 
this genus Zenodorus ; it is not quite so w’ell defined in the female 
as in the male. 
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The measurements (in millimetres) are as follows :• 


Long. Brottd. 


Oephalotborax... 

4 

f 2i iD front. 

1 3^ 



Abdomen. 

• • • 

5 

4 




Mandibles ... 

• • « 

2 









Pat. 

Metat. 




Coxa. 

Tr. & fern. 

& tib. 

& tars. 


LegB . 

1. 


4 . 

2 , H 

2|, 1 

= Uj 


2. 


3 

H 

n 

= 9 


3. 

1 

4 

1 , n 

n, i 

= lid 

• 

4. 


3 

l H 

2 , 1 

s lOd 

Palpi. 


.. i 

2 

1 

u 

s= 5 


Zenodorus danae, sp. n. (Text-fig. 6.) 

8 males and 10 females, {htchtding the types of the species,) 
Female, Oephalotborax black-brown, with very brilliant green, 
red, ami yellow iridescent scales at the sides and rejir of the 
eye-space, with a few scattered here and there between the eyes 

Text-figure 6. 



Zenodorue danae^ sp. n., J. 

a., female; epigyne; 0., male palp; d., mandible showing teeth ; e., profile. 

and on the clypeus. The mandibles, lip, and maxillas are dark 
red-brown with brown bristles and upidght, flat, club-shaped, 
pearly-white iiidescent hairs. The sternum, though dark, is 
more yellow-^brown, with pale grey hair. 

The legs and palpi are bright orange-yellow, with brown eypines 
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arid bristles, 'rhe two rear pairs of legs darken into yellow-brown 
on the upper surface of the tibial and metatarsal joints. The 
abdomen is black-brown on the upper side; on the basal area, 
along the sides of the rear half, and in a procurved fillet across 
the middle, is a pattern formed of the green, red, and golden 
scales. 

The under side is pale yellow-brown without any pattern. 

The eye-space is two-fifths of the total length of the cephalo- 
thorax; the rear row is as broad as the front row, which is 
recurved ; the cephalothorax at the rear row of eyes, its broadest 
part, considerably exceeds them in breadth. The clypeus is loss 
than one-half the diameter of the front median eyes and termi¬ 
nates in a thick flat margins! rim. The mandibles are short, 
stout, and conical, the fang very thick at the base ; on the inner 
riuirgin of the falx-sheath the chitinous rim is continued only a 
short way down as far as a conical tooth ; this, though rather 
small, is not very minute,” and below it the side is hollowe<l 
away. On the outer margin are two points on a single base and 
a thick fringe of bristles. The lip is as broad as long, rounded 
anteriorly, half the height of the maxillie, wdiich «nre upright, 
convex, broad, and rounded on the outer side. The first pair of 
coxae, slightly wi<ler apart t han the breadth of the lip, are longer 
than any of the others. 

The abdomen is oval, about twice as long as broad. 

There are two piiirs of stout spines on the under side of meta¬ 
tarsus i. and similar smaller ones under meta,tjirsus ii. 

Three pairs of spines under tibia i. with two single spines on 
the inner side. One on each patella. On femora iii. and iv. there 
are 1, 1 spines above, and numerous spines on the tibiae and 
metatarsi. 

On the inner side of the patella, tibia, and metatarsus i. there 
is a thick fringe of bristles. 

The front pair of legs are stouter than the others. 

The vulva consists of two broad oval depressions side by side, 
separated by a narrow ridge wuth two other shallower and 
smaller foveas below the first pair, the whole on an elevated, 
rather sqiiare area. 

The measurements (in millimetras) are as follows :— 


Long. hroatl. 


Cephalothorax... 

5 

{r- 

front. 




Abdomen..,. 


6 

H 





Mandibles . 


2 


Pat. 

Metat. 





(’oxrt. 

Tr. & fern. 

& til). 

& taro. 



Legs. 

1. 

n 

4 

4 

3 


m 


2. 

1 

H 

3 

H 

= 

10 


;i. 

1 

4 

4 

H 

=5 

12| 


4. 

1 

H 

3 

H 

= 

iT 

Palpi . 


i 

H 

H 

H 

SST 

5 
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This species would seem to be rather close to Z.jvlia Tlior. 
(1. c. p. 650), which it resembles apparently in the pattern of 
brilliant scales on a black ground and the form of the epigyne, 
but differs from it in the much more even lengths of the legs, 
the third pair in Z, juUa exceeding the first an<l fourth by 2|J and 
3^ millimetres resjjectively, and being also darker in colouring. 

It is much paler in colour, larger', and the legs i. and iii. 
are nearer the same length, than in Mr. Pocock^s Z, variatus 
(Willey, New Britain, etc., vol. i. 1899, p. 117). It differs also 
fiom Z, (PurviUei (Walck.) in the much brighter colouring and 
absence of rings on the legs, while the pattern of the epigyne 
differs from that drawn by Von Keyserling (Dio Aracli. Aust. 
pi. cxx. fig. 4 d). 

Males. In most respects these agree so closely with the 
females described above and are represented by so nearly the 
same number of specimens in the present collection, that it is 
<Hfficult to avoid the conclusion that they are males of the same 
species. The chief difference is that the front pair of legs are 
much longer than the others, a fact which does away with one of 
the characteristics of the genus^ in which the third pair of legs 
are said to be much longer than the others. Vrere it not, how¬ 
ever, for the special enlargement of the first jmir, the thii*d would 
be the longest. 

The clypeus is not quite so broad as the diameter of the front 
median eyes, the rear row is as broad as the front row. The 
eye*8pace slopes forward, and from the hinder row the thoracic 
part slopes steeply to the rear margin. 

The mandibles are flatter than in the female, both tlie outer 
and inner sides being strongly corrugated transversely. The 
tooth on the upper margin is of moderate size; the inner margin 
of the falx-sheath is cut away to about one-third of the length of 
the outer margin and* exists only for a short distance near the 
base. The lip is as bimd as long, rounded in front, hollowed 
out on either side of the base, and transversely corrugated. 
The sternum is three-fourths as wide as it is long, truncatied in 
front, and the coxie are as far apart as the gi'eatest width of 
the lip. The male, palp has a flagellum in about three spirals at 
the anterior end of a plain oval bulb. 

The front pair of legs is strongly fimbriated on the under side 
of the patellar, tibial, and metatarsal joints. The cephalothomx 
and abdomen are black-brown, with a pattern of opalescent pearly 
scales. 

Under metatarsus i. are two pairs of stout spines, but none at 
the side. Three pairs under tibia i. One spine each on patella; 
iii. and iv., and a bunch at the anterior end of metatarsi iii. 
and iv. 
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The measurements (in millimetres) are as follows:— 

Long. Broad. 

^ 1 1 XT K J hi front. 

Oephalothorax... 5 j 


Alxiomen. 

Mandibles . 3 

Pat. Metat. 

CoYR. Tr. & ftiui. & ill). & tarK. 

Legs. 1. 7 2|,5^ 3^,14 = 224 

2. 1} . 4 4 34 = 13| 

3. H 5 2, 2; 34,1 = 15i 

4. U 4 4 “4 = 13^ 

Palpi. ^ 2 li li = 5| 


/enodorus RuonoPE, sp, n. (Text-tig. 7.) 

2 males and 2 females. (Including the types of the species.) 
Males with one tooth on inner margin of falx-sheath. 

Females with two teeth on inner margin of falx-sheath. 
Femnh. Tho cephalothorax is dark vidlow-hrown on the 


Text-figure 7. 



Zenodorm rhodops^ sp. n., ^. 

a., female; h., mandible allowing teeth; c,, epigyne; d., male palp. 

cephalic part; all the eyes on large black tubercles. Small 
white lancet-shaped scales and upright brown bristles spread at 







518 


MR. H. R. BOOa OH SPIOBRB 


intervals about the eye-spaoe. The thoracic part is nearly black- 
brown to the sides of the posterior margin. On the clypeus are 
long white upstanding bristles.' 

The mandibles are dark red-brown, with a paler patch at the 
lower inner maxgin of the falx. The fangs red-brown. The lip 
and maxillie dark brown, yellow-brown at the margin with 
yellowish-brown fringes. The sternum is yellow-brown. The 
COX83 bright yellow. Legs and palpi as described for Z, ayrinss. 

The a^omen on the upper side is dark greyish-brown, covered 
round the sides and b^e thickly, in the central area more 
sparsely, with pearly-white squamules and upstanding brown 
normal bail's. On the under side it is much more thickly covered 
with short, upstanding, white bristly huir; the spinnerets are 
the same; the epigyne dark yellow. 

Arrangement of spines on the legs;— 

1. Femur: 1 1 1 al)ove and 111 small at anterior end. 

Patella: 1 on inner side and long bristle. 

Tibia: 3 pairs underneath. 

Metatarsus : 2 pairs very long and stout on under side. 

II. Femur : 1 1 above and 111 at anterior end on inner side, 
1 1 on outer. 

Patella: 1 and bristle. 

Tibia: 1 at side. 2 fine pairs underneath. 

Metatarsus : 2 pairs much more powerful. 

III, Femur: 1 1 and 111, 

Patella; 1. 

Tibia ; 1 on inner side and pair at anterior end. 

Metatarsus : 2 pairs and bunch at anterior end. 

IV. Femur; 1 on outer side, 1 in middle, 1 at anterior end. 
Patella: 1 on inner side and bristle at anterior end. 

Tibia : 1 1 on inner side and pair at anterioi* end. 
Metatarsus; 1 1 on inner side and thick bunch at anterior 

end. 

Palp: 11 on femur above. 


The measurements (in millimetres) are as follows:— 



Long. 

Broad. 




Cephalothorax... 


f3iin 
1 ^ 

fi*out. 



Abdomen. 

5 

3 




Mandibles . 

2 


Pat. 

Metat. 



Coxa. 

Tr. A fern. 

& tib. 

& tan. 


Legs. 1. 


4 

H 
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12 

2, 

H 

3 

3 
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H 

3. 

H 

5 

4 
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4. 

H 

4 

3 

4 s: 

m 
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1 

H 

li 
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Tbe females are rather, more highly coloured than the males 
and the legs more distinctly ringed, but so closely resemble 
thorn in structure and general coloration that I have supposed 
them to be of the same species, though unless captured together 
the matter is always open to doubt. 

In the males the tooth on the inner falx-sheath is raised above 
the lower end of a straight base, which in the females has a 
point at the other end also, enough to make it really fissidentated ; 
but these two and the following Z. syrinx with no teeth at all 
are all so much alike, and so distinctly resemble Zenodorus 
d^urvUlei^ tlie type species, that 1 am unable to separate them 
from that genus. 

Zenodorus syrinx, sp. n. (Text-fig. 8.) 

1 male and 1 female. {Ty})e8^of the species,) 

Male without teeth on falx-sheath. 

Female Avithout teeth on inner margin of falx-shefith. 

Male, Cephalotliorax black-brown on the eye-space, bright 
red-brown just behind the same, behind this again dark brown 
to the rear margin ; scattered over this at intervals are lanceo¬ 
late pearly scales, more thickly at the sides and on the clypeus, 
where some of them are len^hened into flat bristles. On the 
front margin of the clypeus is a flat raised rim. The mandibles 
are black-brown with transverse corrugations of green opalescence, 
and, except for a few flat bristles at the inner etlge of the base, 
quite bare. 

The base of the falx is as thick through as it is broad trans¬ 
versely, but tapers towards the anterior end. A tninsverse 
section at the base would be almost square. The median part of 
the inner margin is hollowed out, thus leaving an oval opening 
between the two falces. 

In the specimen before me there is no tooth on the lower 
margin of the falx-sheath, and none visible in the thick fringe 
on the outer. 

The lip and inaxillie are nearly black-brown, with a narrow 
yellow-brown edging and dark grey fringes. The sternum and 
coxie are dark orange-yellow, with line upstanding yellow-brown 
hair. 

The femur and pa.tella of the front pair of legs are dark 
orange ; the tibia and metatarsus black-brown with a thick black 
fringe of long bristles on the under side, those on the metatarsus 
being the shorter. The tarsi quite pale yellow. The metatarsus 
of the second pair is pale, otherwise the same colour as the first; 
the thii*d and fourth pairs are paler yellow-brown. 

The abdomen on the upper side is dark greyish-brown, with 
short upstanding brown hair over the basal area; following this 
is n broad field of pearly-grey scales, and along the sides patches 
of the same as far as the spinnerets; the under side is pale 
yellowish ^grey. 
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Text-figure 8, 





Zenodoru9 sp, n., ^. 

a., female; h., epigyiie; c., male palp; d,f mandible. 


The measureinents](ia millimetres) are as follows:— 


Oephalothorax... 

Abdomen. 

Mandibles . 


bong* 

5 

2 

2 


Broad. 


3 in front. 

H 


2i 


Pat. Motat. 

Coxa. Tr. A tib. A tars. 

Legs . 1. 1| 4i 5 3 = 14 

2. 1 3 3 2^ 

3. I 5| 4| 5 sr 16 

4. 1 4 


Female. Oephalothorax dark yellow-brown; all the eyes on 
large black tubercles. Long brown bristles and short white 
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lancet-shapBfl scales spread here and there. The mandibles 
black-brown with red-brown fangs and brown fringe. A paler 
patch just below the lower corner of the falx-sheath. The lip 
and niiixilla? ju’o dark yellow-brtiwn with paler edgings. Tim 
^sternum pale yellow-brown, with upstanding brown bristles and 
pale yellow-grey hair. The coxse bright yellow. The wliole of 
the psilp the same, with upstanding yellowish-grey bristles. The 
basal lialf of the femora of all the legs is bright yellow-hi*own, 
the anterior half brown; patella and tibia yellow-brown, ineta- 
tai-sus ami tarsus orange-yellow. 

The abdomen is black, with a fillet of white S(jua.inous hairs 
round the base reaching along each side to half the length of the 
abdomen. From the end of this on each sule are three large 
white spots continuing the line to the spinnerets ; on the under 
si<le it is plain greyish-yellow; the hairs all ordinary, very fine, 
pale yellovv\ The spinnerets ra.ther long, conical, and darker 
brown, on a white chitinous biuse Iralf their length, have long 
straight brown hair and a short cyliiididcal second joint. 

The inner margin of the falx-shefitli is cut away and hollowed 
out to the outer margin, at the lower end of which are two 
moderate-sized t.eoth. The inner side of the falx-sheath iistdf is 
also hollowed out, movst deeply alnnit the midtile. 

The lip is as broad as long, truncate and slightly hollowed 
anteriorly, half the length of the maxilhe, which are convek, 
upright, rounded anteriorly. The front coxae are fartlnu* apart 
than the lower margin of the lip is wide. The sternum ovate, 
truncate, and narrowest in front, is flat at the anterior end for 
one-third of its length and thence to the posterior end convex. 

The opigyrie consists of two oval hollows resting against the 
upper {Jiirt of a broad longitudinal convex septum; below these 
hollows and fitting into the lower j)art of the same central 
septum are two chitinous triangular cushions. The whole inside 
an oval frame. 

Arrangement of spines on the legs:— 

On femur i. ii. above are single spines 1 1, and a row of 
three small on the inner side at the anterior erid. 

On patella i. & ii. a short spine on the inner side and a very 
long bristle at the anterior end. 

On tibia i, A; ii. three ])airs on the umler side. 

On metatarsus i. & ii. two pairs (very stout) on the under 
side. 

On patella iii. & iv. one smi^ll on inner side and a very long 
bristle at distal end. 

On tibia iii. iv^ one small pair below at the anterior end, 
and two single on inner side. 

On metatarsus iii. & iv. one small underneath about the 
middle, and bunch at anterior end. 

On metatarsus iii. two single at the side, but none on iv. 
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The measurements (in millimetres) are as follows 


Cephalothorax... 3 {3 “ 4high. 


Abdomen.... 


H 

H 




Mandibles . 


2 


Pat. 

Metat. 




Coxa. 

Tr. & fern. 

A tib. 

& tars. 


Legs. 

1. 

u 

H 
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2. 

1 

2i 

n 
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8 


3. 

1 

4 
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1 

H 

3 
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u 
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This species differs from Z, rhodope in having no teeth on 
the falx-sheath margin, in not having the legs ringed, slight 
differences in the male palp and epigyne of the female, and in 
the spines as detailed, but otherwise the two species closely 
resemble one another. 


Group THYKNEiE. 

Genus Mopsus Karsch. 

Mopsua ELarsch, Mittheil. Miinchener Entom. Yereins, voh ii. 
1878, p. 3^. 

Mopsus mormon Karsch. 

Mopma mormon Karsch, he, dt. ; T. Thorell, Kngni Austro- 
Malesi, p. 462 (1881). 

AacyUm penicHlat'aa Keyserling, Die Arach. A list. p. 1319, 
pi. cxii. (1882). 

Mopaua mormon Keyserling, he, eit p. 1475 (1883). 

1 male and 2 femalss. 

Previously recorded from New Guinea, Cape York, Bowen, 
Rockhampton, and Sydney. 

Group PLEXlPPEiE. 

Genus Bathippus Thor. 

Bathippm Thorell, Ragni Indo-Malesi, pt. iv. vol. ii., 1891-2, 
p. 401; E. Simon, Hist. Nat. des Ar. vol. ii. 1903, p, 740. 

Bathippus montrouzierj, yar. papuanus Thor. 

Phxippua montrouzhri Lucas, Revue et Mag. de Zool. 1869, 
p. 209, pi. xi. figs. 8-12 *, Thorell, Ragni Austro-Malesi, iii. 1881, 
p. 526. 

6 males. 

Previously recorded from Wokan, Aru Islands, and Fly River, 
New Guinea. 
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Section Fissidentati. 

Group Ha 8 Akiea 2 . 

Goiins IfASAJiirs Simon. 

J/amrius E. Simon, Hist, Xnl. des Ar. vol. ii. 1 !)().*{, p. 795. 

ITaSAKJU.S GLAUf’US, sp. 11. (T«*xt-fi;u^ 9.) 

I feinnle. (.Type ofiho 

Female., The cepluilothorax is orange yellow, ]>]ju*k hetwecn the 
side eyes; inaiidihles, lip, niaxilhe, stermnn, and legs all pale 
yellow, with nearly wliite hails and grey s])inf.s. 

The abdomen aliove is dark grey at the sides with short recum-^ 
bent white hairs, a broad pale area a1 the base, and a [)ale vellow- 
gvey scollope<l longitudinal s<rip(‘ down the middle. On the 
nmler side the median area is the darker, the sides being pale 
yellow-grey. Tin* spinnerets are yellow, Sjiringing from a long 
whiter chitinons base nearly as long as themsebes. The epigyne 
is rather <laik yellow. 

Text-figui 4* 9. 



d 


Hamrins ^laucuSt sj*. ii., ? . 

a., front eyes iiiul niuiidibles; />., maiuHlmlar teeth nud fang; c., lip, maxilleo,^ 
sternum, and coxa»; rf., epigyno. 

The eye-space is spread over two-tliirds of the cephalothorax. 
The lip is longer than bimd. 8ternnni ovate, truncate, and 
naiTOwest in front; the third coxn is isolated from the second 
and fourtli. 

On the under side of tibia i. are two pairs of long spines, on© 
Pkoc. Zool. Soc.— 1915, No. XXXVI. 36 
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pair of short ones at the anterior end, and two single spines on 
the outer side; undei'neath the metatarsus there are three pairs 
(two very long) and a bunch at the anterior end. 

Two single spines above and two pairs on metatarsus iii. and 
iv.; under tibia iii. and iv., a pair of fine spines in the middle 
and another at the anterior end. 

Tlie mejisurements (in millimetres) are iis follows : 


Loufl:. broad. 

Ceplialotl.omx... 2^ {^ 


Abdomen. 3 2 

Mandibles . 1 

I*at. & Metat. 
Coxa. Tr. & tern. tih. & tars. 

Legs. 1. h 2 2| li = 

2. I 2 2 li « 

3. I 21 2i 2 = 

4. i 2| 2 2 = 

. i li 1 i - 


(U 

n 

H 

3] 


Diflfers from //. ooprea Thor. (Hag. ludo-Mal. j>t. iv. vol. ii. 
1892, p. 434), which it somewhat resembles in having a longitu¬ 
dinal pale median stripe on the abdomen inste.id of transverse 
black streiks, and the hind piir of legs clearly longer than the 
first instead of equal. 


Group Cyt^ba*. 

Genus Cyt^sa Keys. 

Ci/tcea Keyserling, Die Arach. Aust. 1882, p. 1380 ; E. Simon, 
Hist. Nat. des Ar, vol. ii. p. 816. 

Cytasa SYLVIA, sp. 11 . (Text-fig. 10.) 

- 1 female. {Ti/pe of ths species,) 

Female, Oephalothorax dark red-brown, black between tlie side 
eyes. White and coloured scales on the cephalic part. On a 
lighter red ground behind the eye-space is a large patch of white 
squamules reaching to the rear margin; on the clypeus is a 
bush of long, white bristles; the mandibles are dark brown on the 
inner margin, pale chestnut-red on the outer sides and brown 
underneath. The fangs red, paler at the points. The lip and 
maxillse are brown on the lower and middle pai*ts, yellow over a 
rather wide area in front. The sternum and coxae are pale 
yellow with white upstanding hair. The two front pairs of legs 
have the femora pale red-brown on the upper side with a dark 
brown patch at the anterior end, fend dark brown on the under 
side, thickly covered with white, squamules on tlie pale portions, 
and with coloured squamules on the darjcer parts. The patella 
and tibia are pale and dark brown in alternate rings; the 
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metatai'Miis and tarsus pale yellow-brown ; the two posterior pairs 
of legs are somewhat paler, but with similar brown rings and 
squamules intermixed w'ith upstanding brown bristles. The palpi 
are yellow-brown, with thick brushes of long white bristles. 

The ground-colour of the abdomen is pah^ yellow, covered with 
thick masses of white, black, and red lancet-shaped scales all 
mixe<l up together. 

The eye-space and thoracic part each occupies about oiie-lialf of 
the total length of the cephalothorax, but, the upper flat part 
<‘ontinuing for about halfway on the thoracic, the l ear slope is 
quite steep at the end. 

The front row of eyes is straight along the upper edges, the 
i*oar eyes about the same diameter as the front lateral. The 
second row of eyes halfway between these two ai-e quite small; 
the clypeus about one-fourth the diameter of the fiont median 
eyes. 

Text-figure 10. 



C 

C(if tarn sp. n., ? . 

a.f lip uiul maxillie; b., inaudibular teeth and fuug; c., epi^yup. 

The mandibles are convex on the outer side. The fissidcntal 
tooth is rather high and its own length distant from the base of 
the fang, its lower corner forms the larger of two conical teeth ; 
on the outer margin ai'e four teeth, the two upper being largest 
and the lower quite small. 

The lip is clearly longer than bro«d, nniTowed and rounded in 
front, and more than half the length of the maxillse. Tim front 
coxae are barely sepamted by the distance of the breadth of the 
base of the lip, so that the sternum is narrower in front than at 
the posterior end; it is ovate, convex over the posterior two- 
thirds, with a broad fiat margin between it and the coxw. The 
abdomen is oval, but is partially destroyed. The epigyne consists 
of a pair of deep oval depressions upright, side by side, separated 
by a black chitinous ridge widest in the middle, which runs 
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rouu<l the upper and lower edges and inner side ; the upper part 
of each of these depressions is covered over with a light sort of 
deck, dark streaks run down from their lower ends to the genital 
fold, and the whole stands on a raised area arched anteriorly. 

In the middle of the upper side of each femur is a single spine 
and a i^ow of four abreast at the anterior end; on each patella 
one spine each side; under all the metatarsi are three pairs of 
spines, on the inner side two single and on the upper side a pair 
near the base followed by a single. Under metatarsus i. and ii. 
two pairs of veiy long spines, and two single on the inner side; on 
metatai*sus iii. two bunches of spines; on metatarsus iv. one 
pair underneath, one above, two at the side, and a bunch at the 
anterior end. 

The measurements (in millimetres) are as follows : -- 




Long. 
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Cephalothorax... 
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In the structure of the mouth-parts, proj)ortion of legs, and 
pattern of epigyne, this rather closely resembles (\ alhnrna Keys, 
It is at least a third larger, and is easily distinguished by the 
prominent white streidc; on the cephalothorax and the bright 
coloration of the scales on the abdomen. 


GyxjEA LAODAMU, sp. n. (Text-6g. 11.) 

1 male and 2 females. {IncUiding tibe types of the specks.) 

Femde. Gephalothomx block-brown with greyish-white sqiia- 
inules and bi'own bristles, I'eddish bristles between the fi*ont 
eyes, and thick long white bristles on the olypeus. Mandibles 
black-brown with red-brown fangs. Lip, maxillie, sternum, 
and cox» dark brown, the fringes on the former brown and 
short upstanding greyish-white hair on the remainder. The 
abdomen on the upper side is brown over the median area, with 
a white fillet of squamous hairs at the base and down each side as 
far as the spinnerets; the brown area has also white squamules in 
patches mingled witli brown, and a more or less distinct median 
line of the same running down the anterior half; on the under 








FROM DUTCH NEW GUINEA. 


527 


si<?e it is brown at the sides and yellow-grey in the central area 
with the same pale sqnauuiles. The femora, patelhe, and tibiie 
of the legs are brown thickly covered with greyish squaniules: the 
metatarsi nre dark brown at the base and in fiont, with a yellow 
j’ing in the nii<ldlo, and the tarsi yellow'. The palpi are likewise 
brown, with wliite scjuamules on the upper surffwe, and long 
wdiite bristly fringes on the sides of the patellar, tihisd, and 
<listal joints, smooth underneath. 

The epigyne is greenish-grey in the central area, ]>ale ln'own 
round the sides. 

'Fhe spiniKuets are pale brown, and si>ring from a conjoined 
chitinous base as high as one half of their length. The bilid 
tooth on tin* innei* falx-sheatli stain Is out higli, hollowed in the 
centre, the two ends form large flat conical teeth. Tliere aie 
thr»»i‘ nn*diiim-size<l lee-th on the outer margin. The lip is 
convex, rounded anteriorly, but is hollowed out from nearly 


Text-figure 11. 



laotiamia, >p. ii.. V . 

a., lip iiml inaxillir : mHiulibukr tt'utli and faufi: of male; r., epi^ym*; 

d.f mail' palp; <>., inner tnaiuhimlar of female. 

halfway dow’n to the low'or cornel’s; this part being continuous 
with the rest, leaves it as wi<le at the base as it is high-- it is 
rjither more than lialf the length of the maxilla*. The steinum 
is oval, and while it narrow.^ to the wddth of the convex portion 
of the lip, the fnmt coxa* are lis far apart as the full distance 
btitween the next pair. 

Afnle^ Similarly coloured to the female, hut the upper side of 
the i>atellar and tibial joints are paler red-browm, a ml the 
fringe on the under side of the paljml distal joint darker brown. 
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The bifid mandibular tooth on the inner margin is longer than in 
the previously described species, less distinctly shaped at the 
comers, and slightly serrated in the middle. 

The measurements (in millimetres) are as follows :— 

Female. Male. 

Long. Broad. Long. Broad. 


^ 1 . f 2i in front. f 3 in front. 

Oephalothox^ax... 4 ^ ^ 
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This, although a good deal larger than either von Keyserling's 
or Prof. Kulczynski’s species, agrees in shape and the arrange¬ 
ment of the spines with the definition of the genus as amplified 
by M. Simon. 

It will be seen that pat. -f- tib. iii. and iv. nre of equal 
length, in which it differs from C. allmrna Keys, ns well as 
in the pattern of the epigyne and general coloration. 

The form of the epigyne is the same as that given by 
Prof. Kulczynski for his C. suheiUeney and, as in that species, the 
eye-area, although considerably broader than long, is still longer 
than the pars thoracica. It differs from the latter in the third 
and fourth pairs of legs being shorter than the first, instead of 
longer. 









THE HOUSE-FLY EXHIBITION. 


529 


EXHIBITIONS AND NOTICES. 

May 11,1915. 

Dr. A. Smith Woodward, F.R.S., Vice-l^esidout, 
ill the ('hair. 

Tiie Secretary read tlie following refjoit f>n tlie Additions to 
th«^ Society’s Menagerie* during the month of Aifril 11)15:-- 

Tlu* niimhor of resistorctl additions to the Society's MonagcMie 
during tlu» month of April was 250. Ot th(*se 150weie :if<)uire4 
hy ja*eseniation, 25 hy juirchase. .58 were i‘erei\tid on deposit, H in 
exoliaiige, and 11 were horn in the Oardens. 

The niimher of departures during the same pt*riod, hy diatli 
and removals, was 115. 

Amongst tlie additions special attention may he directed to ;— 

1 (loeldi's MaiTuoset {(\dlhnico (joeldU)^ from Hunda Kiver, 
llolixia, new to the Collection, flepositiul on April 14th. 

1 lloubara Ihistard {Honiara andulata)^ fiom North Africa, 
recei\od on deposit on April 27th. 

A valuahle t‘ollection (»f Waterfow 1 containing sixty-eight indi- 
\i(luals repres«‘nting twenty-tixe .sjacies, preseiittMl hy Alexander 
L. Duncan, F.Z.S,, on Aj»ril 25rd. 


The Ilmise-‘Fly Kjrhihiiion. 

Prof. H. MAXW’EiJi Lefroy% 1^1 .A.. F.Z.S., Cuiator of insects, 
exhibited specimens of various kinds of ily-traps and made the 
following lemarks uj)on the House-Fly Fxliihition 

“A small exhibition of Flies and methotls of dealing with them 
will be o}»en on We<lnesday, May 12th, and continue o}>en wliile 
it is of use and interest. There will not necessarily la* anything 
origiiad in the exhibit ion. and it was planned at tiist simply 
to show* the American lly-traps, which are not used in this 
country ami which are likely’ to he \aluahle, Kioin this it has 
grown to include all the* information about flies that a health- 
officer might ie(|uiic, and we are ijndea\ouring to arrange it so 
tliat such an oflicer can obtain in a short time the technical infor¬ 
mation about flies that is available, without Jiimself having to 
hunt up the liteniture. We have also tried to make it useful by 
getting samples and prices of the necessary' chemicals etc., by^ 
having copies of books and other literature, and by condensing 
into a short illustrated jxamfddet autboritative information. 

Since this was planned the Press lane taken it up, somewhat 
to onr enihan’assment, and w e have had to make it as interesting 
and instructive os we can for the general jmblic : so we are 
enlarging the scope, pr(»viding tabloid information and posters, 
and genenilly trying to rub in the essential facts. 

Flies are likely to be imiiorlant this year for seveiTil reasons 
the first is that with a shortage of labour scavenging will not be 
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«o well done; manure cannot be so quickly disposed of, and there 
will be local outbreaks of flies if the we^ither conditions are 
suitable. 

The usual vigilance exercised in inspection, and in destroying 
material capable of breeding flies will be iini>ossible this year; 
there will be accumulations of manure and refu^jc in towns, on 
farms, on mai-ket gardens and w'here cavalry are quartered, and 
this will provide breediag-matorial }>articulHrJy for lionse-flies. 

The second reason is that in areas affected by the war, flies are 
increiising, l)e(^iiise sniiitaiioii and the djs})osaI of 11y-bree<Hng 
material will not be possible, aiul tins will accumulate to an 
imusual extent. 1 liave evidence of this .already from the Con¬ 
tinent: these flies will m)b come over here, hut tliey will lejul to a 
greatei* spread t here of the diseases that tliey carry and we shall 
bo affected ; if cholera breaks out in Serbia. Anstiia, or other 
parts of South Europe, it may spread in fly-iiivested areas and 
get widely<lifluse<l. 1 do not want to bean alarmist., but 1 think 
we must be prepared for such possibilities when a war of this 
magnitude is in progress. 

If flies are going be unusually numerous so will the diseases 
they ca.rry, and (»ne of these is typludd : we inoculate the men 
who go to the front, but we here are not inoculated. 

The third consvleration is that there is a likelihood of a very 
terrible plague of flies actually wlipj o the fighting is in progress, 
which will very detqdy iinjiress those who are there : no one quite 
knows where the fighting-line will be, but wlierover it is the (lies 
are likely to he a feature. This is a good time, then, to do what 
we can to rub the facts in, to get them known, tt> jutmse interest, 
and to lielp those whoso business it will be to light flies: alre.ady 
we have been visited by Army Doctors anxious to get (juickly ail 
the facts about flies, and this will become increasingly useful. 

For these reasons we liave mafle all we can of this little 
exhibition, and, though it^is not nearly coinpletc*, it contains useful 
information and will be open at once. 

It is not necessary for me to go into the cletails of the life- 
history and habits of flies to-night: you can see it all in the 
exhibition to-iiioiTow, and you are probably all awai'e of the main 
facts. We are showing the various stages of the House-fly and 
the Blow-fly, the common flies of liouses, where they breed, what 
they feed on, the diseases they cairy, how they carry them, and 
so on. The facts are condensed on <liagi’atns, posters, pictures, 
and the methods of fighting flies are described in a short 
pamplilet. 

What can one do against flies ? There are three lines on which 
one can work, adjusting one’s methods to local cireuinstances of 
course:— 

1. Uemoval or treatment of breeding-material. 

2. Traps. 

3. Poisons. 

The materials in which hom^-flies lay eggs and develop are 
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well known; tlicyare horse-injiriiire, excrement, rotting Y€*getable- 
mutter sucli as vegetables, compost hea])s. rubbisli lj(?aps, and tl»e 
like : ma7itire^ excrement, garbage, and fermenting rubbish are tbe 
danger sources for house-llies. For biow-tlies animal-matter is 
tbe chief source, oven in extremely small amounts: a dead mouse, 
a hollow bone, a putrif\’ing whelk, a dead sparrow, a scraj> of 
int5»»t, a fish-head, these will all nourish blow-fiy maggots: you 
will be astonished when you see what a small amount is needed 
and what a number of blow-fiies w’ill develop from flic scraps in 
the dust-bin. 

Hie numbei’of fiies tliis year will depend very larg(*l^ on the 
extent, to which this material is removed or <lestroved, not only 
by the authorities but by the efforts of every one concerried. 
Until people at large I'ealize. wliat a danger Hies are and what 
it is that they breed in. we aiv certain to have rjuantities oF 
flies : it is an iinjdeasaut subject that [leople piefei* to leave 
alone, but there may b<» enough flies tliis year to nmke people 
waut 1.0 know' about tliem. 

If tbe breeding-material cannot be disposed of. can it be 
ti'catetl so that it will not breed flies ? Can we treat manure 
witliout impairing its value, and can we sliow bow to treat tin* 
iuanun»-heap in every gaitlen ? We liave the availalile infoi- 
mation collected, and the original papers can )>e ('onsnltiMl ; so far 
as is possible impiirers will be advise^l. 

The srroml mHhotJ is to trap, ami 1 show to-nigbt. two Americjiii 
fi'aps. with Mr. iSetli-Smith’s improvement, a folding-ti-ap made 
in the (Innle.iis, and two other patterns of folding-tra]) tliat are 
being tested. These and any iuifirov'ed ones will lie shovVn, ami 
if any are available the prices etc, stated. Some patterns are for 
liome manufacture, some will, we b(»]>e, be available at pojmlar 
prices. 

We show also a trap that is meant for the household <lust l>iu, 
which will catch any flies going to the dust, bin anil any that have 
devtdoped in it and that seek to escajie. If a dust-hin of this 
kind is used to contain stable-inauure it w ill probably be a very 
valuable tnip for house-flies generally, and tbe stable become a 
means of generally reducing flie.s in tbe neighbourhood instead of 
adding to them. 

The third method is to ]ioison flies, and this has yielded 
remarkable^ results abroad. There are harmless lirpiids for use 
indoors and poisons for use by skilled persons outside, paiticularly 
for hospitals and large institutions. These will be of greater 
interest to j»rofessional men than to the public generally: we 
have tbe original accounts of these, and it will be possible for a 
health officer to read quickly what has been done. 

It may perhaps sound to you ns if we knew all alK>ut flies, and 
as if we should be able to solve all the difficulties that- will be 
brought to us—T wish, indeed, it were so. It is astonishing liow' 
little practical information there is ; what tliei-e is, is largely from 
America—veiy little has been done here, and we are very far 
indeed from having the information we nee<l. 
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We have here to-night repi'esentativee of tlie Press, the 
educators of the man in the street, and the exponents of his 
collective opinion. I hope Fellows of the Society will forgive me 
if I tahe the opportunity to urge the Press to emphasise to the 
Great British Public this fact, that we are actually at a loss ta 
know how to meet the Jiy problem here and at the front because the 
'necessary scientific investigation has not been done. As a nation we 
neglect and underrate the value of applied science; it is not the 
function of the Zoological Society to deal with the application of 
Science to national health, and it is tlie wide sympathies of its 
Council and officers that enables me to make use of its resources 
to deal with tliis problem : but there is no organised body, no 
department of Government that stimulates and develops the 
study of Applied Biology, If there had been, we could answer 
the questions that come in to us daily froifl iniinicifwl health 
authorities, Army Sanitary officials, and the public, as to means 
of dealing with liies and other vermin. 

I airi not talking in a general way, but I have detinite specific 
problems that are in need of solution at once. 

1. Baits for Flies. —The recommended baits foi- fly-traps ai-e 
formalin, beer, vinegar, milk, alcohol, and a few others : these are 
things arrived at by chance. It seems likely that we might fiml 
a really good bait, something that would draw in every fly for a 
quarter of a mile round, if we worked systematicrally on the line 
of testing substances likely to be found in the bree<ling-materials 
that flies seek. What brings the fly to the manure heaj) ? Smell 
possibly; if so, can we find a substance of not too intolerable, a 
smell that could be used to bait a trap in a corner of the garden 
and that would really bring in all the flies. 1 think we can, Iml 
it will require investigation, and it is a l>ad time to start inves¬ 
tigating when the problem is imminent: we have actually begiin 
with the fissistance of the Organic Chemistry Department of the 
Imperial College, and we hope to get something out, but it is 
work that should have lieen all done long ago. 

2. Beside baits based on the fly’s breeding-place, can we get a 
l)ait hcksed on his food ? Why do flies sometimes take formic 
aldehyde ? Is this the best or the only one, or are there otlier 
definite substances of far greater attractiveness to flies which 
they rwssociate with their food ? It is worth trying, and obviously 
if we can get a really potent attractor it will help immensely. 

3. Baits based on Sex, —How does the male find the female ? 
By scent, by sight, by what ? 

I remember in India a planter sent me some fruit-flies with 
the remark that when he put a particular mosquito essence on 
his handkerchief these flies followed him continually ; the essence 
contained citronella oil, and a drop of this oil will bring the males 
of these flies from all around: investigation showed that the 
female produces this oil, and it is by its scent that the males find 
them: we have now a methcki of deling with this fly. 

I quote this quite true story as an example; and it might be 
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worth while studying the house-fly and the blow-fly from this 
point of view. 

4. Questions are coming in about treatment of manure-hmps to 
keep flies away ; is there anything deterrent to flies ? It happens 
that we have some re<jent lese^trch woi’k on this very point, but 
only as regards blow-flies; it is work done at the Cooper Re.seai-ch 
Lal)orfitory at Wntfoi’d. There i4S here an impoi'tant line of woi*k 
aii<l one which is going to he of immediate importance. 

l^reatment of Manure-heaps to kill Maggots in them ,—Some 
work has been done on this point in tlu* United States and 
Canada, but 1 believe that much better methods only need to 
be worked out, possibly using the new vapour-poisons that have 
l)een found during the last year. In America they recommend 
borax, Imt it seems likely that better and cheaper methods will 
be found. 

J have now shown you investigations which, if done in the 
past, would have enabled us to deal with this fly problem ; so it 

is, of course, with all branches of science, but J have been able 
here to giv(* you deiiniti* concrete cjises and not simply glittering 
generalities. 

1 have dtn’oted more time to this 2 H)int perha[)S than J ought 
because this particular problem will affect peo[>le closely, because 
the lives <»f chihlron will continue to be lost till we grapple with 

it, and l>ecause it is not often one gets a chance of reaching the 
Press. Perhaps some wealthy and enlightened person will endow 
fly-research, perhaps some organised Iwdy will take it u}>, p(u*haps 
even some day the (Government will think of it. I ilo hope that 
in tliis case the Jh*e.ss will put the issues clearly and definitely. 

To return to the flies. We hope to open the exhibition to¬ 
morrow, and to admit the public at certain hours, the health 
oflicials, d(K*tors and technical folk at others. We ow'e much to 
those wlu) have helped to organise, and who have prei)ared or 
lent models, posters, pictures, traj>s, samples, a,nd appliances. 
Dr. C. J. Martin, the l)irector of the Lister Institute, has very 
kindly revised the pamphlet Jis regax'(ls diseases carried by flies, 
and we hope to have that out this week. 

In these times we all do wdiat w’e can, and T am privileged to 
be able to utilise the facilities of the Dardens for this exhibition. 
It is perhaps a new «leparture for the Society, an unusual fe^iture 
that may be looked on as unseemly by some of the Fellow’s. 1 
think that the circumstances justify it, and that if it does good 
and anything comes of our w^ork, the Natioxi will be indebted to 
the Society, and this incursion into practical applied entomology 
will not be regretted.” 
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Hay 25,1915. 

Prof. E. W. MacBridb, D.Sc., F.ll.S., Vice-President, 
in the Chair. 

Mr. R. I. PococK, F.Z.S., Curator of Mammals, ex¬ 

hibited two pieces of skin cut from tlio slioulder of a wild boar 
and a wild sow acrofa) to show the difference in thickness 
between the two, the skin of that area in the boar being about 
four times jus thick as in the sow. 

Mr. Pocock also exhibited some skins of Asiatic and Afi-icjin 
Porcupines, and pointed out the gradation tluit couhl be tn^cod 
from the Bornean Trichus through Atherara to Ihjstrix in the 
shortening of the tail, the evolution of the rattU*, the growth of 
the crest on the head, and the elaboration of the spine-armaturti. 
He also showed a piece of the skin of a JaN'an Porcupine with 
some of the quills cut short to illustrate their detinite nrrjinge- 
ment in short, regular transverse rows. 


June 8,1915. 

])r. S. F. Hahmer, M.A., F.KS., Vice-IVesident, 
in the Chaii*. 

The Secretary read the following vejK)rt on the Additions 
to tlie Bociety^s Menagerie during the monlli of May, 1915 :— 

The number of I'egistered additions to the Soci(»tv’s Menagerie 
during the month of May was 136. Of tlu^se (56 were 
acxpiired by pi*esentation, 9 by purchase, 14 were receiveil on 
deposit, 35 in exchange, and 12 were horn in the (hirdens. 

The number of departures during the sjime period, by death 
and removals, was 123, ^ 

Amongst the additions special attention may he directed tA:— 

1 Feline Donroucouli (Aoies feUnm\ 2 White-})rowed Hares 
{SylvUagua snpfirciliaris)^ and I Collared Peccary (TmfaBsn 
from Banco, Colombia, presented by W. K. Pomeroy, 
F.Z.S., on May 3rd. 

4 Patagonian Cavies {DolichoiiB magellavictts) and 2 Golden 
Agoutis {Dasyprocla agouti), from Argentina, received in ex¬ 
change on May 4th. 

1 Reindeer {Rangifer ia/randu«), born in the Menagerie on 
May 9th. 

1 Tieopard Cub {Felis pardu8\ from Kongwe, Nyasaland, 
presented by Miss A. Winch on May 3nl. 

1 de Winton’s Mouse {Mus sylvaticKs wintoni), from Horsham, 
new to the Collection, presented bv Sir E. G. Loder, Bart., 
V.P.p., on May 21st. * 

4 Siamese Fighting-Fish (Betta pugnax), from Siam, new to the 
Collection, presented by 0. Lnmont Groundwater on May 3rd. 
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Mr. E. T. Newton, F.li.S., F.Z.S., exhibited two liorus of the 
Hftbre-honied Antelope (Ori/.v hacory.c) not Jittached to the sknll, 
but supposed to be a pair. The ditteivnces between tlie two 
horns, noth as regards their curvature and peculiar annulation, 
raise a doubt as to their belonging to the same species, unless 
these differences uiay be due to sex. I’lieyare said to ]iavc‘ come 
from West Africa. Jilach of these horns has about five inches of 
tlie basiil portion covered in leather, \\ith a large loop of the 
same material, which is evidently native work; but for wl)at 
])urpose this covering Avas intended is not clear. Tljere is one 
liorn in tlie British Museum which has indications of having 
V)een similarly covei*ed. 


d “ m st (‘hln)panzi*e. 

Mr. (lEOiioE Jennison contributed the following note nj)on the 
‘•nest” made by a Chimpanzee in the Ihdle Vue Zoological 
(lar<lens, Manchester;— 

A female Chimpanzee (^A nihropopHhecns cairns) was purchased 
for our collection on May 8th. 1013. She was not, in fact is not 
yet. adult, hut had good health, and was kept until May 1014 in 
a rather small cage (12 x12 x 10') having access to the open 
air. She was then removed to our new Chimpanzee house and 
installed in n large cage, thi-ough the middle of which there is a 
beam about 3 indies wide. Early in August it was noticed that 
she took a small supply of hoy, or wouhl even fray out a rope and 
lay it carefully along the beam and there lie. 

We therefore naileil a rough branch horizontally from the 
beam to the wall, so enclosing a .space of about 3 feet, and another 
cross'bi anch to make a very rough l)a.se, and provided a supply 
of ha}, straw, and leafed twig.s which were thrown on the floor 
ten feet below. Next morning tlie nest was partly made. Careful 
watching by W. Antclifle, the keeper, showed that she carried up 
at first one or two sti'aws and then proceeded to gather a bundle 
of twigs, wliich she tucked between one leg and her thigh, 
dragging herself to her nest by her arms and the other leg. 

The twigs were carefully arranged witii the leaves to the centre 
of the nest, and she also gathered up one of her swinging ropes, 
which she laid in sliort parallel lines on the twigs. 

Minilful of Du Chaillu (‘ Exploration in Equatorial Africa ’), we 
nailed suitable branches over the nest as a basis for a roof, but no 
attempt has been made to utilize them to form a shelter, as, of 
course, thei*e is no rani in the house. 

The animal spends most of her time iii the nest, to which she 
carries all her food, even a glass of tea, which is taken up like 
the nesting material in the hollow^ of the thigh. 

From time to time the nest is either throAvn out or falls 
through, and is reconstnieted with fresh material. 

Having succeeded so well with this animal, similar facilities 
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were given to three females (A. troghdytea) in the ad joining cage, 
but no attempt was made to use them. Nevertheless, although 
they usually sleep on the floor-level, they will carry a sack into 
their trees and sleep upon it. A, calvu8,i\\Q “ nest’-builder, 
will also take up a sack and sleep on it. 


The Habits of Chimpanzees in African Forests, 

Dr. C. 0. Christv, M.B., C.M., F.Z.S., reinurked “That it was 
somewhat misleading to ttdk of a Chimpanzee’s nest. The little 
sleeping-platforms of the Chimpanzee made by bending inwards 
the leafy parts of two or three of the smaller bi-anches of some 
sapling or larger tree, are quite a feature of the Ituri forests. 

“They are generally close to tliestem, and often comparatively 
low down, sometimes as low as 15 feet from the ground. 

“ They are small structures, are occupied by one or a pair of 
animals, and are never used a second night. They are inside in 
a minute by reaching out and pulling in the branches, bending 
them or breaking them off. 

“ Chimpanzees feed largely on the ground, but 1 am doubtful 
if they ever sleep there. They are extremely wary and noisy. 
When met with in the daytime they are usually in tlie trees. 
At the first alarm the big males come down from any height in 
two swings and a drop and make off, but the females and rest of 
the troop swing and climb slowly from branch to branch. They 
rarely jump as monkeys do, and being too clumsy to travel 
quickly are easily overtaken. For such a big stixmg animiil they 
are extraordinarily easy to kill. One serious body wound with a 
little ’22 bullet is suflicient to bring them down. A slightly 
wounded one will make for the top of a big tree, and by brefiking 
off bi’anches and pushing them beneath him will in less than a 
minute construct a big platform, upon which he will sulk or 
keep up a furious screeching entirely hidden from benejith.” 


Variation in Horns of Cattle. 

Mr. R. E. Holding exhibited and made remarks on several 
specimens indicating variation in the horns of certain locjd 
breeds of West-African liumped cattle—viz. a single horn of the 
Gnami or Botlitli cattle from the neighbourhood of Lake Gnami, 
of which a fine skull has recently been added to the British 
Museum (Nat. Hist.). The horn exhibited is 4 ft. 5 in. long 
over the curve, and if say 11 inches were allowed for width of 
skull, the total measurement from tip to tip e(|uals ft. 9 in. 

The specimen exhibited was part of a cargo of West-African 
horns recently sold in London. 

The other West-African specimen, also of the humped breed, 
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Wrts a pair of l,yre-sliaped black horn«. The frontal bone was 
rounded considerably, thus giving tlje horns a posterior diiection 



reaching over the witliers, the points turning outward. It is 
apparently a common breed. Length of one horn 36 inches. 
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The pair of Indian horns shown were those of tlie “ Delhi ” 
variety of the domesticated Indian Buffalo {Bob hitbahis), of 
which there are several local varieties—viz. Deccani, Kathiwar, 
and othei-s. The specimen was of unusual form—massive at the 
iKise, with a compressed spiral growing ba(;k\v«i(l. 

Mr. Holding also exhibited a print from a German colonial 
pipei* showing another variety of the.se long-horned cattle fioin 
Kuando, N.W. Africa, where considerable herds are owned by 
the Bultan. 


Hummhig-hirds in Captivity. 

Mr. Alfred Ezra, F.Z.S., exhibited a living specimen of 
Rieordi’s Humming-bird {Sporadmus ricordi) and made the 
following remarks;— 

“ This little bird was brought over from Cuba by a dealer 
twelve months ago in almost a dying state. Having been fed 
only on sugar and water on the voyage, he w’as extremely weak 
and not able to move from his perch. His feathers were stuck 
together with the sticky syrup, and the bird looke<l miserable, 
not being able to make use of his ivings. The first thing T did 
was to wash him (a difficult matter with such a little mite) in 
warm water with a drop of bmndy in it, and after drying liim 
thoroughly he was put back into n cage near a fire. Jn half an 
hour he was buzzing about in the cage and looked much happier, 
I fed him as 1 do my sun-birds, and he took to the food at once. 
For the first three nights I kept the light on foj* him to feed hy, 
and in a week’s time the bird began to pick up, and grew 
stronger every day. About November last be w’ent through a 
partial moult, and again this April he went through a very 
heavy moult and got over it perfectly. He is kept in a fair¬ 
sized wire cage, and is given his freedom in a large room every 
morning for an hour, when he darts about at a terrific pace 
and enjoys it immensely, returning to his cage when he has had 
enough. It is astonishing to see how he will never knock himself 
against the window as most birds would do, but will always pull 
up just in time, no matter what pace he is flying at. Besides the 
syrup, which is his chief food, he will eat grapes and aphides, but 
I do not think the latter are essential, he having done cpiite well 
without them for all the long winter months. All his food is 
taken on the wing, which gives him plenty of exercise, and I am 
sure my success is due to this. He will not eat the aphides 
unless they are flying about, and I have never seen him pick one 
up, even if he sees them cmwling on his perch. If some are 
lying at the bottom of the cage ho will fly at a great pace close 
to them, and when they fly up he wdll swallow them one after 
another quickly. The bird is sprayeil with tepi<l water every 
morning, no matter what the weather is like, and then he will 
wash himself by flying in and out of the damp leaves of a small 
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plant placed in the cage. He loves the sun, but seemed quite 
happy without it through the winter. For a song he makes a 
sound like the sparks of a wireless at work. I think that so long 
as the birds have artificial light to feed by in the long winter 
niglits for two or three hours, they do quite well. They must 
be kept warm, for as soon as the temperature drops below 65 
degrees they begin to look unhappy. 1 had a \'ery extraordinary 
experience with a Garnet-throated Carib (Kvlamjns jugulari8\ 
which was sent to me by a friend from Paris last May. Jt was 
bi’ouglit over by a friend in a small cage which was w'ell wrapped 
up. When I got the bird home 1 found him lying at the bottom 
of the cage, as I thought, dead. He was stone-cold to the touch 
and showed absolutely no signs of life. J took the bird in my 
hand into a very warm room, where, after about half an hour, 
I suddenly felt his heart beat; then he opened one eye and then 
the other, and put his long thin tongue out. 1 put the tongue 
into some hot syrup, to which I had added a droj) of brandy. lie 
instantly started to feed, and in another few mimiU*s was flying 
alioiit the cage. In ten days this bird w»as perfectly well, .Mnd I 
still have liim in perfect health, and he is just going through his 
second moult with me. It w'as a very cold day when he was sent 
ovei‘ from Paris, and I think the cold and tl)e w’ant of food were 
too much for him. Most humming-birds, I believe, go into a 
sort of torpor as soon as the temperature goes down below a 
certain point. Both my humming-bir<ls are most pugnacious 
and have to be kept in separate cages. To my mind, they are 
the most intelligent and fascinating of all birds. My sun-bird 
mixture is ma<le up in the following way:—I mix into a paste 
one heaped-up tea-spoonful of Mellin^s food, one te*i-sjK)onful of 
honey, half a tea-spoonful of Nestle’s milk, and the inside of 
about a dozen meal-worms, and add to this a huge breakfast- 
cupful of boiling water. All my sun-birds have thriven on this 
food, and I have one now that 1 have had for five years and it is 
still in perfect health. I use the same food for the alx>ve two 
humming-birds—the firat and only ones I have ever had—with 
great success.” 
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Although tliere have been several eontrii)utions ty (»nr kiuuv- 
ledge of the marine fauna of the nortii-west cojust of tlie 
American ci^utinent iji recent years, the Aleyonaria are almost 
luikiiown. A long wliile sign specimens of a very large and 
remarkable Sea-pen septenirkmalia)^ from the Britisli 

Oohiinbian fishing-grounds, were examined and deseril>ed, but 
a|Mir*t from this solitary exaiiiph* there is no record in the 
literature of Zoology, so far as I ha\'o l)eeu able to <liscover, of 
any other species of tlie Alcvonaria fiDtn this region. 

'Fhe division of sea-areas into zoo-geographical regions is always 
a matter of great dilliculty and controversy, and particularly so 
along an uniiiteiTujjt-ed coast-line extending from the Arctic 
Oircle to the Equator. Nevertheless, the study of the marine 
fauna of the western coast of the North Ameriwiii continent 
shows such changes in diameter as we puss from north to south, 
lis to justify ail attempt to name and define regions of dis¬ 
tribution. 

Huch an attempt wdll not he ma^lo in tliis paper, hut there is 
just one point heaving ui>on this division into regions upon 
which the study of this very small collection of Alcyouariaiis may 
throw some light.. 

In his pajxsrs on the Molhisca of the west cojist of N. America, 
Ball (1898) has given the name Oregonian region to the shore- 
waters extending from Point Conception, near tiie south boundary 
of Upper California, to, and including, the Aleutian islands. 

8ul)Hequent authors have noticed a remarkable change in the 
character of the fauna in the neighbourhood of the Sti*aits of 
Fuca, the exit of Puget Sound, which would justify the sub¬ 
division of Dali’s Oregonian region into two nearly equal 

* Fov tixpIftiiHiiou of tlic Plate seoi p. 557. 
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subregions, one noith and the other south of the British- 
Ainencan frontier. 

There is, of course, no zoo-geographical barrier between these 
two subregions, and we should expect to find considerable over¬ 
lapping, some of the characteristic southern genera appearing 
in the northern subregion and vice versa. 

One of the chaitu?teristie features of the nortbeni subregion is 
the occurrence of genem and even species that are familiar to us 
on our Noi*th Atlantic coasts, suggesting that they are the 
representatives of a circumpolar fauna. Thus Pi-ofessor Herdinan 
(1898, p. 249), writing alniut some simple Aseidians collected in 
Puget Sound, avys, “I think it may with truth be saitl that 
all the Ascidisns I collected in this arm of the N. Pacific are 
closely related to familiar species on our own North Atlantic 
coasts. This, taken with the similarity between the two faunas 
shown in other groups, suggests the possibility tliat there is a 
common northem circumpolar marine fauna whicli extends south¬ 
wards on the western wiasts of Europe and Ameri<ai.’^ Tliis 
view is supported by Walker (1898, p. 269), who says, in writhig 
on the Crustacea collected by Herdman in the same locality, 
“ Insides the species in the collection that aie absolutely identical 
with the British species, the resemblantte between othei-s is 
I'emarkable.” 

In an account of the Hydroids of the Alaskan exj)editioii 
(1910, p. 179), Nutting gives reasons for believing that Piiget 
Sound is a natural legion of demarcation between faume, i)ut 
Fiaser (1911), in his account of the Hydroids of the Va.n(?onver 
Island region, considers that there is no justification for a state¬ 
ment that thei^ is a distinct break at any point along the coast. 
“ At the present time,’' he says (p. 7), “ out of a total of 
196 species there is a record of 155 spetues fn>m the Vancouver 
Island region and noHli of it, and 88 south of that region. Nr) 
less than 47, or 24 fter cent, of the whole number, are connnon 
to the two. Furthermore, 22 species that are found north of 
Vancouver Island are found in the Vancouver Islami region as 
well as in the I'egion south of it.’’ 

As regai*ds the Alcyonarian fauna of the Oregonian region, wo 
possess some knowledge of the genera and species found on the 
coast of California, i. e* the southern subregion, thanks to the 
researches of Nutting and othei^s, recently suminari.sed and 
revised by Kiikenthal (1913), and it is therefore of no little 
interest to compare them with the few s[)ecies collected off 
Vancouver Island and in the Gulf of Alaska that are described 
in this paper. 

The following is a list of species of Alcyonaria now known to 
occur in the regkxi of Puget Sound and north of it:— 

OUxvularitt morsebii, Caligorgia fraseri, 

Paragwgia arhwrm. Psvmmogorgkt teres (sp. ?). 

Primnoa vyMeyL OsteoceUa septentrimiaiis. 
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'J\vo of these six s])eeies })e1oti5^ to geiier.i (l^aragoryla am I 
Pritthuoa) that do not occur in Kiikenthars list. As regards the 
Sea-pen, Osteocdla septenirionalis (Hickson, 1911), it may he a 
matter of controversy vvhtither we are justified in separating the 
species from the genus Pavotiarm, of which two species (P. call- 
fornica ami P. wUleuioeai) liave been ilescribetl from C\ilifornian 
waters, hut thei'e seems to he little douht that the species isejuite 
distinct. 

Clar III aria morreahii is closely related to, lait ipiite distinct 
from, the (!, pacijlm of Californian waters. The genus ('iaraUirin^ 
however, being cosmopolitan in distribution and having many 
very variai>le species, does not afford mucli assistfUice in tiie 
determination of marine zoologiciil regions. 

I'he genus Paatanwyorgia, t)n the oi lier hand, a[»]>eai*s to have 
principally a tropical ami temperate distribution, and the occur¬ 
rence of one species math of the Straits of Fuca may be regaiiled 
as an example of the fauna of the southern subregion over¬ 
lapping the boundarv'line. Three species of this genus have 
been descrilasl by Nu^ltingfiom Californian waters, but I have 
found the <let(*rminatiou of sjiecn^s of l*mnutio[ftir(jia^ without the 
examination of t.yjie-specimens, so extreinuly difficult tliat 1 feed 
great hesihition in my identification of the Vancouver specimen 
as Ps. teres and can niakt; no further comments upon it. 

The genus CaHtjartfia has many species in the Pacific Oceun, 
but according to Vei’sluys (190f), p. 1(>9) it is unknown in the 
North Atlant ic. The .sjiecies found off* the coa.st of t.’alifornia 
(C. kinashiitc)^ however, is ipiite distinct from the species 
<h?.scribe<l in this jmpm* from the <Julf of Alaska. 

Tlie occuiTence of a sjiecimen of St plaster in the Vancouver 
seas is of interest, bettause it belongs to tlie same form or sub- 
genus (Alloj)ora) that occurs in tlie Norwegian fjords, and not to 
the form or subgeiius (Stplaster) which is so common in tropical 
and subtropical waters, Jt has been previously describial bv 
Verrill from the coast of California, but is probably a migrant 
from the north. 

To summarise tlie results, it may be said that in this small 
collection three species at legist {^Stplaster norrepiem, Paragortjia 
arhorea^aiiil Priniaoa irlllepi) arc representatives of a circumpolar 
fauna, one {Psamnifajonjia teres) is a representative of tlie .south 
<;oast fauna, and tlm otIn*i' three {( 'laraUirin aioresfaiy (’aliporgiu 
fraseri^ and OsUoceUa septeatrio'imlis) ma}" repre^sent a common 
Paeitic element whioJi extend.s both north and south of the line 
htitvveen the two subregions. 

A comparison of f.ht* list of species descrilnMl in this paper with 
KukenthaPs list of Californian species shows that not a siuglt* 
species of Alcyoimria (except possibly the Psammogoryia) has 
been found both north and south of the Stndts of Fuca, ami 
seems therefore to justify a division of the Oregonian i*egiou at 
that point into two subregions. The specimens 1 have been 
able to collect together may represent only a snuill fraedion of tlie 
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Alcyoiiari«n fauna of the Ootuinbiaii aiicl Alaskan waters, and 
subsequent I'eseaixjhes may modify any deductions that may be 
drawn from them, hut so far as our knowledge extends at present 
the facts are significant. • 

1 wish to acknowledge my indebtedness to Professor A. Willey, 
F.R.S., and to Mr. Mcl^an Fraser for the specimens described 
in this paper; to Miss Constfutce M, Liglitbown, B.Sc., for much 
valuable assistance in making preparations and drawings, and to 
Mr. J. T. Wadsworth for taking the photographs (PL I.) and 
for the drnwing of text-figure 3. 

Order STYLASTERINA. 

Htylaster (Allopora) NoKYEGions Ounnerus. (PL I, fig. 3.) 

MUlepora norvegwa (iunnerus, 1708. 

Allopora ccUiforttica Verrill, 1868, Essex Inst. voL v. 

Allopora ocidina Moseley, 1881, ‘ Challenger ^ Uepcu’ts, vol. ii. 
p. 85. 

StylaBUr no'rretjicas Jlroch, 1014, Danish ^ Ingolf ^ Expedition, 

Swiftsure Shoal, oft’ Barkley Hound, W. coast Yancouver 
Island. 

Local name. Roseate stJigs liorn coral. 

A single dried specimeii of this Styhinter was taken by 
Professor McMurncli from the Hwiftsure Hhoal. 

It is 45 iimi. in height, with seven short blunt bniuches 
anunged in a single plane. One of the branches shows a barniw'le- 
gall. As there is no base of attiM?bment, the specimen may be a 
branch of a much larger colony. 

The main stem is 10 mm, in diameter, and the bmnehes alnmt 
5 mm. in diameter. 

The cyclosystema are evenly distributed on all si<le.s of the 
branches, ami they are iu)t more numerous on one side of the 
flabelliim than on tlie other, Eimh cyclosystem projects slightly 
from the suiface of the cmnosteum and is about 0*75 mm. in 
diameter. 

The number of dactylopores in each cyclosystcm varies, but in 
the majority of cases there are 6 or 7. There is a large brush- 
like style in the gasteropore and a very small style in each of the 
dactylopores. No ampullae can be seem on the surface of the 
coenosteum, but at the broken base a few small cavities (0'5 mm. 
ill diam.) may be seen which are probtibly young ampiillie. 

The colour is salmon-pink. 

The difficulty of Hep rating the two Htylasterid genera Allopora 
and ^Stylaster was ])Qiiited out ten years ago by myself ami 
Miss England (1905, p. 6). Broch (1914), agreeing with our 
view on this matter, has induded Allopora in the genus Siyla>8ter^ 
retaining the name AH^opara as a subgeneric name for sjiecies of 
Siylaster included in our group of species D. “ For group I) the 
old generic name AUopora should lie retainedThis is clearly 
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an error. According to our definition ot* the groups, group 1) 
has cycJosystenis on tlu^ anterior surface of the hi anclies only. It 
is group (J which has tl»e cyclosysU'iUK evenly distributed over 
the'surfaces of the blanches. \\\ Allopora according 

to Broch’s own descrijition ainl figures of the species, as well as in 
the Oape species {Allopttra nohilis), ilie cvclosvsteins are dis- 
tributeil on all si<les of tlu< hrarudics. they are certainly not 
confined to the anterior surface of the flahelhiin, a.s they are in 
the species of oiu* group 1>. 

J'lie subgeiius Al/opom, however, is usually distinct from tin* 
other suhgenus JUnntifk/fitn' of Hrocdi, not only in f.he character 
given to our group (} -that the cvelosystems ai-e distributed on 
all surfaces of the hranches,—but also in two ill-deliiMMl but 
still mutually dependent characters, namely, that the terminal 
branches fire reljif ividy thi<*k,jind that the ampulhe do not pi-oject 
or project slightly fjom th<‘ Mirfa(‘e of the (•(enenchym. 

lleturning now to our species from V'aiicimver Island. It 
clearly belongs to our group C, as the c\elosystenis are inoi<* or 
less evenly but irregularly distribut 4 ‘d on fill sides of t he bi*jinches. 
It may therefore he placed in the sn1>genus AUoportt of the genus 
Th(» delei mimitioii of tin* spei'ies is a much more 
dithcidt matter in the ahsence of any information about the 
ampidlie or gonophores. I’ln* charact(*rs ot t,he cienosteum. as seen 
without fracture, are similar t.<» those of the species fi’om the 
Norwegian coast except in respect of colour, which is sfilmon-red 
iiisteail of white or faintly rose. The colour-ditrerenee by ihself 
does not seem to me to he a char}ic1.»*r upon wliich i1 is wise to 
establish a distinct spe<*ies, find llierefore J am dispose<1 to regard 
till* species as identical with llu* Norwegian species. 

The proper name <»f this species has recently been discns.scd 
by Ihoch (11114, p. 17), ainl I am in agroeim nt witJi him that 
it should stfind as (Allofutru) (Jnunerus. 

Whether this sjiecit*.-^ is identical or not with the AUoporn ocufind 
of Khrenherg cannot he determined with any degree of certainty, 
hut there ean he little doubt tliat it is the same as the AUofmt'a 
ocnlina of Moseley's • ('hallenger ’ Jleport (1881, p. 8.a). 

It seems Very prohalde that the species is also identical w’ith 
Vernll's Alhtporn ca/ljhmica fiom dee]) water oft' the coast of 
Csdifornia, V'^errill’s s]»ecimon was 'A inches (75 mm.) or more in 
height, had cyclosystems *02 incli (0*5 mm.) in diameter, witli, 
usually, six dactylopores, and was light minium^’ red in colour. 
From the description there are no points of distinction of this 
form from AUopora 7iorrf*fpca^ except colour. 

A"ote on the Gonophores of the St plaster iJtr. 

In his recent work, Broch (p. 20) attributes to Moseley the 
view that the goiiophore of the Stylasteridie is a special formation 
in the group, and i.s not homologous with the adeloi'odouic 
gonopiiore of other Hydrozoa. This was certainly not Moseley's 
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view, an<l wlien 1 Riiggested it to hiii) he expressed to me i»er- 
Konally his disagi'eement with it. The term “ trophodisc ” was 
stigge^ed by myself and was never used by Moseley at all. 

As regards the view it^self. It was expressed as a result of a 
long investigation of the development of the gonophores of a 
Stf/laster (Mlopora) from the coast of Nonvay, and every fact 
described was confirmed by the examination of many comparable 
preparations. Knowing now, after twenty-five years’ experience 
of this group, better than I did then, the difficulty of the 
investigation, I imlise the probability that some stages in the 
development may have been missed. Moreover, the study of 
Kuhn’s excellent memoir on the development of the gonophores 
of Hydrozoa has to some extent shaken my faith in my ow’n 
view^; but the homology of the gonophores of Stylasteridae with 
the adelocodonic gonophores of other Hydrozoa has not yet been 
proved,.and wnll not be established by scattered observations on a 
few stages of the development of the male gonophore alone. The 
principal difficulty in accepting the older view’^ held by Moseley 
ai*ose from my observations on the development of the female 
gonophore, and until this investigation has been repeated with 
more modem methods of study than I had at my disfKisal in 181M1, 
the true homologies of these organs must remain undetermined. 
In the meantime the discovery that Milleporn^ notwithshimling 
its calctireous skeletal structures, does give rise to free-swimming 
medusa*, has removed one of the principal inif.ial diflictilties [ felt 
in believing that the gonopliores of 8tylasteridfe could r(‘[>resent 
reduccMl medusap, and I am quite prepared, when the tinu* comes, 
to abandon my own view in favour of the more conventional and 
older one of Moseley. 


Qrder ALC YON ARIA. 

Family C L a v r l a n i t u 

Clavularia MORESini, sp. 11 . (PI, T. fig. 4; Text-fig. 1.) 

W.S.W. off Moi*esby Island, 100 fathoms. 

The wiilely distributed and very variable genus Vlavvlaria is 
badly in need of revision. It is probable that such a revision 
would lead to a considerable reduction in the numlier of the 
species, many of which have been founded on very inadecpiate 
characters. Nevertheless, the specimens from Moresby Island 
show very distinct specific c;hai*acters and must be regarded ns 
the tyjM? of a new species. 

The genus is well represented lioth in the Norwegian waters 
and in the North Pacific Ocean. The occurrence of a species in 
British Columbian w^aters might have been anticipated, and in 
itself is not a fact of any zoo-geographical importance. 

The specimens wei'es, obtained by Tb*of. Willey in 1914, who 
writes that these whitish ** rose-headed ” Clavularias were growing 
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on the stem of the Gor^onid (Prhnnoa willeyVj. They were 
preserved and forwarded to me in formalin. 

The stolon is in the form of flat anastomosing Imnds, spreading 
out in places and fusing to form membranes. From the stolon 
tlie zooids arise in a very irregular manner, in some places at 
eonsiilerahle intervals, in others close together. I’he stolon 
follows the support in a quite irregular manner, and, so far as can 
he determined from the material at my disposal, is never thickened 
to form a syinpodium. The zooids are never retracted into the 
stolon, hut they all show the tentacles contrac.teil tightly over the 
oval disc. They vary very much in size, large and small ones 
being irregularly distributed on the sttdon. 


IVxt-figiire I 



The larger zoohls aie from 7-10 mm. in length, witli a diameter 
of 2 imn. 1M»e crown of tentacles is never retracted into a calyx, 
and t]i(» ahoral surfaces of the eight tentacles forming the af>ex of 
the zooid, in the preserved shite, therefore can always lie seen. 
The hody-wall is smooth and cylindrical. Jt does not shew, as 
j)re8erved, the eight longitudinal furrows that have been described 
in many other species of the genus. 

The spicules (text-fig. 1) are tuherculated spindles 0*15 mm.- 
0*2 mm. in length hy about 0*05 inm. in diamet^er, and do not 
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sliew 11 tendency to become club-8linj>ed. They are densely 
crowded both in the tentacles and body-wall, and are nearly nil 
arranged in a direction pa.rallel with the long axis of the zooid. 

The species seems to be most closely related to Clavnlaria 
pacifiea (Kiikenthal, 1913, p. 237) from tlie coast of California, 
previously described by Nutting (1909, p. 686) as Sytupodinm 
armaiuw. This species, however, differs fiom Cfavul-aria morealm 
in having stouter and more rc»tinctile zoohls (5 mm. x 2 mm.), 
with eight deep longitudinal grooves and larger spicules (0*25- 
0*3 mm. in length). The spicules, moreover, are much more 
crowded together in Clav^daria moreahri^ and do not show in such 
marked degree as in C. /xicifira a transvei-se disposition at the 
base of the tentacles, and 1 cannot find in my pre[)ai*ations any 
spicules that by becoming thickened at one end show a tendency 
to be club-shaped. 

In Clavularia ebnmea (Kiikenthal, 1906, p. 14) from Japanese 
waters the zooids are larger (12 mni.), but in the spicular 
armature and in other characters G. ehimtea is more closely 
related to C. })acifica than it is to C. moreehiL 

But, although the relationship of our new species with the 
Californhm species 0, pit4:ijica is pronouncc<l, it must he pointed 
out that its relationship with some of the Norwegian species, such 
ns C. borealis of Keren and Danielssen (1883, pi. i.), may b(» as 
close, and it aftbrds therefore no sptHiinl reason for regarding 
the fauna of British Columbia os lading more closely ivlaltMl 
to the Pacific than to the N. Atlantic fauna. 

Family B in A rei 

Pakagorgia AiiBOREA Linn. (Text-fig. 2.) 

Ahyonmm arhorewti Linufeus, Syst. Nat. 10th edit. 1758, 
p. 803. 

Alcyonium arhoreum Pallas, Elenchus Zooph., Edit. Wilkens, 
1787,’pt. 2, p. 164. 

Parayorgia arborm Milne-Edwwd.s, Hist. Nat. Cor. 1857, t. 1, 
p. 190.' 

Parayorgia modosa Koren & Danielssen, Nye Alcvonider, etc. 
1883, p. 19. 

? Parayorgia nodosa Nutting, Pacific Alcyonaria, 1912, p. 99. 

? Pftragorgia regalis Nutting, 1. c. p, 100. 

Off Kodiak Island, Gulf of Alaska. Depth ? 1 specimen. 

Local wime. Friable brick-red coral. 

In Wilkens’ edition of Pallas’ ‘ Elenclitis Zoophyternm ’ there 
is a long account of this s{)ecieB, prolwtbly copied in great measure 
from the writings of Koelreuter (1761). There can be no doubt 
from this that the Alcyoniwm arhoreum of Linnaeus and Pallas 
is the same species as the common species of the Norwegian 
fjords, now known as Paragorgia wrhorm. 

Although the external featni’es of the s{iecies wei^e fully 
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<les(*rib(Ml by Koelreiiter. and measurturifiits ainl illustrations ot 
the s]n\‘ules of Parayonjia nodosa —which <lo(*s not sceni to nu* a 
clistirurt species—are given by Koren aiul Danielssen, there is j»o 
good inoderii description either of tlie genus or species. 

TIjc genus, however, seems to be quite well dislingnished from 
others of the same family by the veiy well-marked dimorjihbm 
of the zooids and by 1 he chniiicters of tlie spicules. The occur¬ 
rence of dimorphism in the genus, first recorded >>y myself in 
1883, is of importance because it is of only exceptional occurrence 
in the Psp.ndaj'ouia^ aiul can be cleai*ly determined, not only in 
fresh and spirit specimens, but alsi> in sj>ecimens tbat have been 
dried for many years. 

'rhe geographical disiribiition of Parayoryia arborea cannot be 
very accurately <leterniined fi<nn the liteiature. It is probable 
that some of the specimens from the MeditiTrancan Sea ami 
Atlantic Ocean, refered to AlcyoHutw (irhorvtna by the older 
naturalists, belonged to a different genus or sj)ecies. Of recent 
years 1 hert* is no r<v*oi*d of any specimens being foinal outside 
the area of tlm Norwegian coasts. .It was not found by the 
‘ Oliallenger ’ Kxj»edition in the Atlantic, nor is it reconled from 
tlie <leep w’ater off the west coast of Ireland by the Irish 
Fisherii*s Investigations. 

It was therefore with some surprise that I fotind, in the collec¬ 
tion st'iit to me b> Mr. Fraser from the Gulf of Alaska, a 
specimen that was clearly a species of Parayoryia , For com¬ 
parison vvitli the Alaskan sjiecimen I have examitie«l a sp(‘Cime]i 
ui P. arborea from tin* TrondJijem Fp>rd.and I have no lu‘sitatif)n, 
after making this comparison, in pbwing the tuo specimens in 
the saim* species. 

7'h(^ sj)ecimen is pn»bal)ly «>nly a fiugment of a large colony, 
but it shows a simple bifurc^ation at the tlistal end. It. is 
170 mrn. in length. Tlie stem at the base is oval in section 
(14x18 mm.). As in tin* specimen from Norwa\, the stellate 
})ores of the autoz<»oids are scatU‘re<l irn»gularly in clusters all 
roumi the stem, many of the clusters being mounte<l on domC' 
sha[»ed prominences from the surface, 'riie pores of the siphono- 
zooids are numerous. <juiti‘ irregularly distributetl, and easily seen 
with a haml-lens. The axial part of the stem is creamy-white in 
colour, and is penetrated by cunals corresponding in arrangement 
with those in my sjieciiiien of the tvpe sjiecit^s. The crust, or 
outer layer, of the st.<*m is about 1 mm. in thickness, and is 
distinguished hy its liriek-ivd eoloiir. 

The sf)ieuh‘s of the autozoouls are irregularly tubereulaled 
spindles, of whieh the larger ones are about 0-25 mm. in length. 
These spicules are probably ilistrilniteil in the tentacles or body- 
wall of the aniboccKHie of the autozooids, but I cannot determine 
tliis with certainty. 

The spicules of the ciwiiencliyni and axial region are double 
stirs of tlie tyjie shown in Kolliker’s ‘ leones,' pi. xviii, fig. 45. 
They are of ne^irly coiisttui size, 0’(>7 mm. in length. 
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Text-figure 2. 



B 


Spicules <if Pmragorffia arhorea from Alasican coast. X 876 diam. 
Spicules of Parag^rgta arhorea fiom coast of Norway, for comparison 
with A. X 876 diam. 
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A eoTiiparisoii of tla? prepnnitions of spiciilos, made from tlio 
Alaskan specimen and from the Norwegian specimen, shows that 
there is very little difference either in size or slu»i)e between the 
spicules of the two specimens. In fact, tlie preparations can 
hardly be distinguishe*! without the assistance of the labels 
(text-fig. 2, A, li). 

In a recent paper, Nutting (1912, p. 99) has described two 
species of the genus frf)iu th«> Japanese seas, one he attributes 
to tlie species /’. nodom of Koren and Danielssen and the other 
to a iiew’ species, ]\ rfi-ifaHa. It <loes not appear to me tlmt 
either of these si>ecies is very well defined from the type-spe(*ies, 
but without examinaticui of tv]»e-specinieTis from Ja]>an it is 
impossible to determine with certainty whether tlu'V are identical 
w ith P, arhorea oi* not. 


Family P u i M N o i n e. 

Subfamily Phimn(un.k. 

IMiimnoa willeyi, sp. 11 . (Text-fig. J.) 

LocnVity, W.H.W. off Moresby Island, British (Vdumbia, 
loo fathoms. 

(\uieeruiiig this s])ecies Prof. Willey writes: ‘‘In fishing for 
halibut a. iiiagnilicent scarlet (Jorgonid was brought up on one 
of the hooks. Jt was four feet in height, with a diameter at the 
laokeii ofi’ base of P5 inches. The branches amustomo.se and 
the axis is black ainl horny.” 

Sjieciinens of the Plavalaria ilescribed aliove were growing on 
the ba.se of the horny .stem of this Prinmon, 

Tlie only .specimens sent t<» me wei’e a number of fragments 
well })re.ser\od in formalin. 1 .*im unable theivfore b) give an 
account of the colony as a whole or its method of branching, 
'fhe method of branching, so far .os J nui judge, is dichotomous, 
but J have no evidence of the anastomoses referred to 
Prof. Willey. 

The structure and arrangement of the zooids, however, afford 
sufficient evidence to show that the species is not identical with 
any that luus hitlierto l>een descrihed. 

At the time of the publication of Versluys’ memoir on the 
Priuinoi<lR» (1900), thei^ waa only one well-<?stablished species of 
tlie genus, the well-known Gargonia reseda of Pallas, siibse- 
ipiently called Primtioa lepculifera by Lamouroux. 

Since that date Kiiioshita (1908, p. 42) has described a new 
species, PHrmwa pacijica^ from the iSagaini Sea. 

Tlie genus Pritmtoa is distinguished from other Prininoina* by 
the irregular distribution of the zooids on the branches—or, in 
other words, the zooids are not arranged in delinite whorls nor 
in definite spimls. Moreover, it seems to bo a character of the 
two known species tliat the zooids are bent flown wards away 
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from the apex of the bmnches, insteiid of upwards towards the 
apex of tlie branch, as they are in most of the Priuinoinee. 

In tlie specimen from British Columbia, the terminal branches 
including the zooids are about mm. in diameter and excluding 
the zooids about 3 uim. in diametor. The zooids are quite 
iiregularly distributed on the branches, larger and smaller ones 
being mixed, and they are all bent downwards towards the base 
of the branch. The larger z<w)ids are about 5 mm. in length by 
about 1’5 mm. in diamete)*. 

The opercular scales are triangular in shape, with a very well- 
marked keel passing along the a(loral side from t he apex towards 
the base. 'J'hese scales are 1’5 mm. in length (from apex to base) 
and 0’6 mm. in breadth, i^hind and partly overlapping the 


Text-figure 5. 



opercular scales on the abaxial side tln^ro is a half circle of large 
oblong scales 1*05 X 0*75 min., and arj*jinged very iiTegnl.irly over 
the rest of the abaxial side tiiere are long narrow scales of various 
sizes up to 1*8 mm. iii length by 0*2 mm. in breailth (text-tig. H), 
^oine of these elongated scales occur on the adaxial side of the 
margin of the zooid overlapping the opercular scales, but the 
greaW part of this side of the zooid is naked. 

In Frimnoa reseda and in Ft'imnoa pmifica there is less 
iHiference between the marginal scales and the other scales of the 
abaxial side of the zooids, ainl in both tiiese sjrecnes the zooid is 
more completely covered and protected by s(|iiar6 or oblong 
;iicaleH. 

Tire new species difiers from both the other two species, not 
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only in the slnpo and nn lu^cnn^nt oi tlie s( d( s is dc^tnlud 
al)o\<^, but also 111 the ntuil m/( ot tin /ookIn 

I have comjMi<d thoni witli the /ooids of t sjiecinK n of 
P rtnedu tioin JSoi\vn,and found tint, wlunis the lueisiue 
nnnts of s]»int spec urn ns of P ntlUyt au 5 nun by 1 5 inin , 
in di\ spuiinnis of P •ustda th(^ in 7 niiii b) 5 nuij Jn 
/* pft<t/ua /ooids in siid to be 5 7 iiini in Irn^th, in<l fioiii 
tilt fi,-,uit arecMdtntl} hioadu iiid stonfti than in P viUafi 

( Ai looRc.i V 1 RAsi HI, sp n (PI I 2, ItMli^ i) 

(lulf ot \]iski 50 lOOfithoins 
focal nawe ‘ \ 1 1 tn ill ite f in f oi al ” 

I his lu v\ spfins is npusfiited b\ tvio di led spttiiiuns 220 
ind 1 10 niin inhiifTtl ifsputneU 'lJu bis< ot ittithnifnl is 


I i \t ii^nn I 



missiriff from both specimens, and consP(]uently they inny reppe- 
sent portions of a larger colony. The branches arise alternately, 
but irregulai-ly, from the main stem (or brunch) in one plane. 
The diameter of the largest stem, including the whorl, is 3’5inm., 
and of the axis 2 inm. 
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Tlie zooids are arranged in closely-set but not overlapping 
whorls. In the thickest branches there are 11 or 12 zooids in 
each whorl, but they diminish to 5 or 6 in the more slender 
distal bi'ancbes. The zooids are about 1 mm. in length by 
0*5 mm. in diameter, and are closely adpressed to the side of the 
branch. 

The zooids are protected on the abaxial side by thn^e or four 
longitudinal rows of overlapping scales, but the axial si<le is free 
from scales except at its <listal extremity. The apex of each 
zooid is protected by a complete circle of triangulai* opercular 
scales. 

The large abaxial scales are round or oval in shaj>e, and the 
outer surface is ornamented with numerous long spiny tubercles 
which radiate outwards from a common centre. 

It is the presence of these remarkably long tubercles on 
the scales that constitutes one of ihe most important cl»aj*ncters 
of the species. These scales attain a size of 0*3 mm. xO'23 mni. 
I’he triangulai* opei'cular sailes are also covered with long 
tubercles, and their size may be 0*28 mm. in height by 0*2 mm. 
at the base. 

In addition to the abaxial plates and opercular scjiles, a pre¬ 
paration of the spicules of a zooid reveals a n urn her of smaller 
scales and irregular tubercular calcareous nodules. The exact 
position of the latter cannot be determined owing to the densilv 
of the plates which cover them, but they probably correspond 
with the deep-seated warty sclerites described by Versluys (IDflO, 
p. 7G) in Caligorgia ventilahrmn, but far more commonly found 
in the generfi PrimnoeUa and Primnoldes, Th(* presence of these 
sclerites constitutes a second important character of the s]:)ecies. 

The new specnes appears to be most closely related to CalUjorgm 
aspera (Kinoshita, 1908, p. 39) from the west coast of Hatsiima, 
Japan, from which itididers in the Jess profuse branching, in the 
smaller number of zooids in a ivhorl, ns well as in the larger and 
more profuse tuberculation of the scales. 

In the method of branching it is more like C, granulosa of the 
same author (p. 37), but in this species the scales are much 
larger. In C. elsgans (Gray), also described by Kinoshita from 
the coast of Japan (p. 40), the number of zooids in n whorl 
corresponds more closely with that of the new species, but the 
tubercles on the scales are much smaller. 

The specimens were taken on the Halibut lines on Alltatross 
and Portlock banks, iu the Gulf of Alaska, and are said to 1 k$ 
pink when fresh and to be “ common.” They were collected by 
Professor A. Willey, F.R.S. 

Family Pl£XAURid.£. 

PsAMMOooRGiA TERES Yendll. (PI. I. fig. 1 ; Text-fig. 5.) 

Psmvmogm'gia teres Verrill, Tmns. Conn. Acad. vol. i. 1868, 
p. 416. 
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W. coast of Vaiicouvoi* Islanil. 

Local name, Coral~|»iuk candelabriiiri coiul. 

Tlic genus Psarnmotjorifia is so badly in need of revision and 
full description that J refer this specimen to Verrill’s species 
with the greatest hesitation. The tyj)e of tlte species was taken 
off Pearl Island, wliich J believe to be oil’ the west coast of 
tropical America, in 0-8 fathoms, and is sjri<l to bc» rare. 

The s[»ecimen from Vancouver Jslaml is dry, and, in the 
presence of a flatteiuMl base of attachment, is evidently complete. 
It is 1 lo mm. in height and has six branches. The diameter of 


Text-figure 5. 



Spicules of Vsammogorgia ter^s, X 5(K) diaiiu 


the thickest branch is about 4 mm., and the branches are almost 
cylindrical in sliape. The diameter of tin*, axis just below the 
point wliere ramification begins is 4 mm., and the disk of attsich- 
inent is thin and about 10 mm. in diameter. The crust varies in 
thickne>is from al>out 0*25 inin. below to 1 mm. near the terminal 
ends of the branches. 

The positions of the zooids are marked by flat or slightly 
convex pi*oniiuences, quite irregularly distidbuted over the sur- 
fiice of the cajtienchym, and iu the centre of each prominence 
there is a stellate apertiii*e. 
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The spicules ai’e tul)erculated spindles, very variable in size, 
but with an average of about 0*12 X 0*04 mm., and double stars 
rather smaller in size (text-fig. 5). 

The genus Psammogorgia is represented by four species from 
the tropical region of the west coast of America described by 
Verrill (1868), and by three species from the coast of California 
described by Nutting (1909, p. 719). In a recent paper 
Kiikenthal (1913, p. 268) expresses the opinion that one of 
Nutting’s species should be referretl to the genus Euplexanra 
of Verrill, as amended by him. 

It ap{)ea,rs to me very doubtful whether the genus Psammo¬ 
gorgia will stand as an independent genus, but I am not disposed, 
until a further study is inaile of the species atti’ibuted to it from 
the west caast of America, to merge it into the more widely 
distributed genus Eoplexaum. The diagnostic chai'Hcters of the 
species are all most unsi*tisfactory, and it is almost certain that 
if the genus stands it will stjnid as a single-species genus. In the 
meantime, I refer the specimens from Alaska to the species to 
which they appear to be most closely related. 
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KXPbANATlOX OP TIIK PLATE. 

Fijr. 1. P.'iammnqorjftn Xai. 

<'(thtfan/ia/nmcri^ hj». ii. (<lrv). Xat. ^i/.o. 
it St^vfitgfrr i(h\U Nat. 

k damtlana woreshu^ n. Two /.<nii<Is lai'sentHl ill '.pirit. X 2diam. 
[NOTE. 

uttmtiou ban bwn c!0b‘d to a j*«|ior l»> W. H. Dali, “<In <!Ou»e Hytlnw 
roralljuii* from Abinka and i'alitoiniti,' in tin* Piim’. lilo), Soo. Wu^liiii^Toii, vol. ii. 
iSSfK p. Ill, 

In this piipor tlinn' m»w vptTios of are diwribcd from tbo Aleutian and 

Sbumaj;in i<«lMnd>i. nuinely, A. rerrttiti^ A, wosrht/i, and A. jutpilfma. 

They differ in some i-eaiaK’ts from the siM-eiinen 1 have ideiitibiHl as Sitfhrsfer 
{A.) norwffii^Hs from the Sviiftsure ^boal off Vnneoiuer Dlaiid, but 1 do not 
eonsider, without referenee to the type spwniiensi, that these differenees are 
siiffieieiit to ju-«tify a spwifir di«tiiK*tioii from the older s]»eeies. 

In this pa|a'r there is iiKo a rreonl of a speei!m*n identified as CalUffotujia 
ramprensa Verrill from the Aleutian islands, hut u« there is no Hj^ure or des<'rij>tion 
of it, comimrison with the 8}ieeinien described hv me as Culttfortfut fritseri eaniiot 
Ih* made. The ty|K* specimen of I, rmnpntuni is {Ji(U Verslu^s, p. Hi) only a 
iiAke<l axis without iiol^ps or spicules. 

IhM'eiuher 13, 1915. S. J. II. { 


Pboc. Zool. Soc.--1915, No. XXXIX. 


39 




ON Cuvier’s whale. 


559 


38. On Specimens of Cuvier’s Whale (Ziplnus cavtrostrU) 
from the Irish Coast. By Sidney F. Harmer, Sc.D., 
F.U.S., F.Z.S., Keeper of Zoology in the British 
Museum f. 

[lieceivwl October 15, IfllS: Read October 26, 1915.] 


Index. 

Oeogeaphical : Page 

New records of the occurrence of Ziphius crtciroA/r/a in Rritirth 

M^atei'M . ... .... ... 659,501 

Distribution . 600 

Strict IRK. etc.; 

(Coloration and bkin-nitivkingH . 562 

Teeth. 600, 662, 564 

Sexual (liderencea. 603 

Sybtkmatjc : 

The Irish snecuncns belong to Z» ravirosiris . 665 


Among tho Cetacea, included in li^ts of the British species, tlie 
subject of tliis notice is one on uhich fiivtlu?r iiifornintion is 
specially desirable. Its claim to he regarde<l as liriti.sh was 
estiibJished hy Pn)fessor (now 8ir William) 'J'lirner (1872, 110 2), 
on the evidence of u skull obtained olf liainiia Voe, NortliinaNen, 
»Sbetlaii(l, and now' iu the Anatomuijd Museum of the l;ni\ers)ty 
of Edinburgh. 8<r> far as J have been able to ascertain, this is 
the only authentujated record of tlio CK‘cnn'«*nce of Ziph 'tas 

in the Bi'itish are.'!. Van l^meilen indeed stales (1888, 
pp. 87, 91) that a male spmmen of this specie.s was straude<l on 
the Irish Coast (place eml date not indkvtied), and that its 
skeleton is in a Dublin Muaeum. Jii order to obtain information 
with I’egartl to this reconl 1 wrote to Dr, K. F. Hcliarff, Keeper 
of the Natural History Ccdlections in the National Museum, 
Dublin, who has liecui good enough to inform mo that he knows 
nothing whatever of the suppose*! Zi/Jtius, and suggests that 
Van Bene<len may have mistaken a recor4l<jf an Iiish Me^nphtdoa 
huhntt for ouo of Zlphin^ caviro8tris. He assures me that the 
National Museum at Dublin [K)ssosse« no sktdeton of Ziphius or 
any part of one; arnl tbat he has satisfied himself that no such 
skeleton exists in the Museum of the Royal College of burgeons, 
Dublin, or iu that of Trinity College, Dublin. 

Although 1 am thus unable to ascertain wdiat was the evidence 
on Avhicli Van Beiieden’s statement w’ns made, I am in a position 
to record tho occurrence of two undoubte*! spe^dmens of Z, cixvi- 
rostris on the Southern Coast of Ireland. The cii'cumstances 
under which these liave been obtained by the British Museum 
lead me to suspect that the species is not so uncommon a visitor 

• PuUMhhI by permisniou of tbo Trustees of th« Britisb Muswini 
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to our shores as has hitherto been supposed*. It seems not 
iinprobnble that a certain proportion of the Cetacea recorded 
its “ Bottle-nosed Whales ” belong either to this species or 
to the allied geilus Mesoplodon, of which two species appear 
to occur in our seas, namely Sowerby’s Whale (M, hidens) 
and M* exwopcmj^ Gervais, the validity of which has been tho 
subject of much dispute, but which, fi-om the evidence recently 
given by the late Mr. F. W. True (1910, p. 11), has considerable 
claims to be regarded as distinct from J/. hidena. 

The adult males of Ziphioid Whales usually possess one or two 
pairs of large and conspicuous teeth, either at the extreme 
anterior end of the lower jaw or further back in the same ja\v ; 
anti in most of tlie species these teeth form a conspicuous featui'e 
ol* the animal in the flesh. In young specimens of either sex 
and even in adult females, the coiTesponding teeth do not cut 
the gum, in most of the species; and a living specimen thus 
appears to be completely edentulous. While the adult male of 
the Common Bottle-nosed Whale {Jh/peroodon roBtratns) is 
characterised by its remarkably swollen forehead, this feature 
is al)sent from the females at all ages, as is shown in the figure 
given by Capt. David Gray (1882, p. 728). When it is remem- 
Iwred that the coloifition of the skin is veiy variable, both in 
Jlyperoodon and in Ziphiua^ it will be realised that the external 
diflerences between apparently edentulous si>ecimens of these 
two genera are not so striking as to’*preclude mistakes in deter¬ 
mination by observers who have not had considerable experieiuse. 
3n order to obtain any cei-tainty with regard to the determination 
of Ziphioid W^hales it is thus desirable to scrutinise most care¬ 
fully the evidence relating to reputed liottle-nosed Wljales.'^ 

The considerable number of records of the occMurence of 
Zipkma in the mast widel}^ sepamted loc*alities, taken in conjunc¬ 
tion with the evidence supplied by some of t.hc best authorities 
that but a single recent species has b(?en provecl to exiNt, leads to 
the conclusion that Z, cmnroatrie is a cosmopolitan species which 
inhabits the open oceans of the world and is occasionally stranded. 
It does not follow that it is in reality a rare animal. If the 
conclusion that but one living species occui-s be correct, the 
sf)ecies has an almost world-wide distribution, since it has been 
recorded not only on both sides of the Atlantic anil in the 
Mediterranean, but also in such widely separated localities as 
South Africa, New Zealand, and Bering Sea. 

In 1912 the Board of Trade issued instructions to Ileceivers of 
Wreck to inform the British Museum of the stranding of Cetacea 

• It is not impoMHible that two living Whale« whi«;h were ol>8orvef1 from the cliff 
at Great Saltee Island, Co. Wexford, June 16, 1918, hy Mr. W. P. Pycraft, in 
company with the late Mr. R. M. Barrington and Mr. W. W. Grant, may have 
1»elonged to Z, cavirostpM. Mr. Pycraft has kindly given me a copy of tlic tiotea 
which he made at the time, according to which all three obaervera were atmek by 
the remarkably white appearance of tlw fore part of the body, and were agr^ that 
this vWaa not dne to the effect of brilliant auuahine reflected fh>m a black anr^ce. 
The hinder part of the body was evidently darker than the front part. It will be 
noticed that this account ia in complete agreement with the obecftwatioiia recoded 
below on the coloration of the Wexford Ziphius stranded on July 19,1916. 
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along the British Coasts; and as the result of this action a 
iiutidier of telegiiiphic intimations of sucli occurrences have been 
sent to tlie Museum from time to time. The telegrams thus 
despatched have in many cases been supplemented by written 
lleports, sketches,or photographs; and offc€*n by the transmission 
of lower jaws or other parts of the sjiecimens stranded. From 
the information thus obttiined two lieports have already been 
jmblished by the Trustees of the British Museum (Uarmer, 
1914, 1915), For the assistance given to this enfjuiry by 
lleceivers of Wreck and Coastguard otlicers I wish to express 
my most cordial thanks ; and it is hartlly m^cessaiy to add that 
a similar expression of giutitude is also due to the Board of 
Trade, liy whose action the collection of this information has 
been rendered |K>ssible. 

In receiving these telegraphic Reports the possibility of adding 
to our knowledge of the rarer Ziphioid Whales has throughout 
l)een borne in mind ; and in pai*ticular it was hoped that oppoi*- 
tunities would be aflbiuhd of obtaining specimens of Ziphinn 
eavirostris. I'he inauguration of the scheme was more successful 
than was susjiected at the time; since the very first specimen 
received after it cjiine into full working order, namely the Whale 
reconled in my 1914 llcjiort as 1913, No. 1 (Unionhall, Co. Cork), 
ultimately proved to he a specimen of the wished for Zipluim, 
This discovery was only made a few w’eeks ago, on removing the 
skeleton from the saml pit in which it had l)eeu cleaned * ; the 
spetdmeri having at fii‘st been determined, on the evidence of its 
low’er jaw, a.s a II ifperoodon, 

On Jul}’^ 19 of the present yearn telegram w'as received from 
the Coastguard ollicer at Fethard, Co, Wexford, announcing the 
sti'andiiig of a Whale, said to >»e 19 feet long and to have two 
teeth at the extremity of the jawr. It w’as suj»posed that this 
animal would prove to be a Common Bottle-nosed Wbale 
{Iffjl)p.roodoii rostratnn ); but tbe lower jaw' was asked for in order 
To render its detcrminat.ion certain. On tbe arrival of tbe jaw, 
tbe jwiir of large and massive teeth at its anterior ejid showed 
at once that the animal was not a CJommon Bottle-nosed Whale, 
and it was more than suspected that it would prove to bo a 
Ziphiiis eavirostris, Mr, A. H. Bislioj), one of the prepjiratoi's 
of the Museum, was acoonliugly sent to Fethard; and he was 
fortunately in time to secure the remainder of the skeleton, ns 
well as to make observations on its external characters and to 
)»rove that it was a male. a happy coincidence the skeleton 
of the 1913 specimen already alluded to w^as at this time removed 
from the sand ; and the chariicters of its skull pj-oved beyond 
tloubt that, like the Fethard specimen, it wits ii Ziph tus eavirostris. 
I'lie Bntish Museum is thus in possession of two Irish skeletons 
(the Unionhall specimen not quite complete) of this interesting 

• For tliiH motluMl of eleaniiig hkeletoiiK, nperially to be reconiniondoci for Cetacea, 
since it enables very large NfMH^iinens to l»e dealt with without twuble, and moicover 
ruiuoves th« oil from the bones, sec K. F, SebarR’, ‘ Tbe Museums Journal/ x. 1011, 
)u m 
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Cetacean. When the skeleton of the Wexford specimen has 
been cleaned 1 hope to be able to publish a furtlier account of 
these two animals, in conjunction with my friend Mr, W. P. 
Pycraft; but the records are interesting enough to justify the 
publication of a preliminary notice on the subject. 

The Wexfoi*d specimen was sti-anded on July 18, 1915, at the 
entrance to Bannow Bay, on the east side of the point of land 
separating that Bay from Waterford HarlK>ur; and it was alive 
when first ol^served. 1 am indebted to Mr. Dennis McCarthy, 
of H.M. Coastguard, for valuable information with regard to its 
appearance, as well as for the trouble he took in facilitating the 
acquisition of the specimen by the British Museum. In a 
written description sent after the despatch of the original tele- 
gmm, Mr. McCarthy states that the lower jaw “ was naiTow 
and projected l)eyond the upper.*' The head was mostly white 
in colour and along the upper part of the back as far as the fin 
with numerous whitish streaks running downwai*d8 in all direc¬ 
tions ; the remainder a darkish colour." This account is confirmed 
by Mr. Bishop, who made an excellent drawing of the animal, 
based on his photographs, measurements an<l notes, on his return 
to the Museum, This drawing represents the head, including 
the whole of the lower jaw, and pirt of the back as white in 
colour, the rest of the skin being black, or at least dark. Tin* 
white colour extends over the whole of the head and part of the 
body, in front of an oblique line drawn from the anterior end of 
the doi’sal fin, and passing in front of tlie pectoral fin, to the 
posterior end of the lower jaw, Tlio colouring of this specimen 
is thus extremely similar to that of the New Zealand animal 
figured by von Haast (1880, pi. xxiii.). Much of the skin was 
covered by long, linear streaks, similar to those usually seen on 
the skin of Oramipus yriseutt. According to tlie observations of 
Mr. Bishop, w^ho diet not see the specitueu until J uly 23, when 
much of the epidermis had been lost, the streaks were arraiigt*<i 
singly. In the specimen figured by von Haast the skin is said 
to have been marked with parallel, elongated stn^aks, in pairs, 
as well as with oval seal's, each with two dots in the centre. 
These dots, and the two members of each })air of streaks were a 
constant distance apart, and were evidently made hy the teeth 
of other individuals of the same species." 

One of the most striking features of the WexfoH specimen 
was its* possession of a pair of large and massive teeth, situutefl 
at the extreme end of the lower jaw, the left tooth being appre¬ 
ciably larger than its fellow. The exposed parts of these teeth 
are roughly conical, the teeth diverging from one another and 
being 20 mm, apart at their base. Other measurements of the 
exposed parts of the teeth are:— 

Bifrht. Left. 

Antei*o-posterior diameter, at base... 32 mm. 36 mnn 

Transverse diameter, at base.. 29 32 

Jbength ... 34 42 





Cuvier’s whale. 


563 


The larger tooth thus has a diameter of nearly one and a half 
inches, while the part which projects beyond the gum exceeds 
one and three-fifths inches. 

The teeth just described have a close resemblance to those of 
the specimen from the Chatham Islands, described and figured 
by Hector (1872, pi. v.) under the name of Kpiodon cttaihMmcnsiHy 
now usually regarded as a synonym of Z, cavirosiris. They are 
alai> precisely similar to those of a 8(>ecimen, No, 21248, from 
Hering Island, described and figured by 1’rue (1910, p. 52, 
pi. xxii. fig. 4) an<l regarded by him (pp. 31, 35) as probably 
lielonging to an adult male. It is importiint to notice that the 
Wexford s{iecirnen wiis definitely ascertained to be a male, from 
its charactei's in the flesh ; and it thus confirms the accej)te<l 
conclusion that the teeth of Ziphiua are larger and more massive 
ill the male than in the female. In the paper just cited (p. 54) 
True states his conclusion that adult males have “ fusiform teeth 
with closed mots and a diameter of from 25 to 30 mm.,” while 
ill females they are quite slender, with a diameter of from 10 
to 14 mm.” 

The specimen* from Unionhall, Co. Cork, was stranded on 
Feb. 13, 1913 ; and it was descrilied as much injured, being in 
an advanced st^te of (hicomposition, with most of its skin woim 
away, Tlmre are thus no observations to record with regard to 
its colour or sex. Its length is said to have been 20 feet. The 
lower jaw liad a considerable resemblance to that of Hyperoodmi ; 
.Mini, as there were no teeth piercing the gum, it was supposed 
that it belonged to that genus. The examination of the skull, 
two years latei\ at once corrected this mistake. The absence of 
t.he large niaxillarv crests wdiich are so cluu-acteristie of llyp^r- 
imlotx is alone sutlicieiit to show that it cnnnot belong to tlu.t 
genus; while as features s|a*cially distinctive of Ziphiixs and 
possessed by this specimen, mention may lie made of the peculiar 
form of the promaxi I lie and the great dilference between those of 
the two sides, as well ns of the elongated nasals, sepamted from 
one another by a long suture. The lengtli of the skull is about 
3 feet 3 inches; the Shetland skull described by Timner (1912, 
p. 77) being 36 j inches long. 

In his recent elaborate account of the cmnial cliai'acters of 
/. cavirosiris^ True (1910, p. 64) states his belief that the two 
sexes of this species ai*e distinguishable from one anotlier by 
certain well-marked cranial clmracters, in addition to those 
afforded by the teeth, as noted above. He admits, however, 
that the sex of some of the specimens from which his conclusions 
wei-e dmwn was not definitely known. The adult male was 
believed to be distingnisliable by the great development of the 
“ mesorostral ossification ” (Turner) and by the presence of a 
de«p “prenarial basin.” In the adult female the mesorostral 
ossification is less developed, while the premaxillm are narrow, 

• Fomiisiistance in obtaininsr the okeleton of thi> specimen, the Museum is in 
debted to Mr. J. Fhelau, of H.M. Coastguard, Unionhall. 
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and flat proxinially (pp. 35, 36), and the pmiariiil haHin in un¬ 
developed. It appears to me that these concluHions ai^ well 
founded; and applying them to the Unionhall Bpecimeii, there 
seems every i^eason to believe that it was a female. This con> 
elusion is strengthened by the fact that the teeth of the apex of 
the lower jaw do not cut the gum, although the dissection made 
by Mr. Pycraft proved that they are present and of considerable 
size, projecting for about 25 imii. beyond the bone of the jaw 
and nearly x'Otudiing the surface of the gum, and having a basal 
diameter of about 13*5 mm. It should l)e added, however, that 
the Unionhall specimen w»is not fully adult, since the sutures of 
the skull are still extremely distinct, while the epiphyses of the 
vertebiw are not yet ankylosed to the centra. 

It w^oiiid be extremely dosiiuble to be able to state cliarficters 
by which a Zlphms in tlie flesh can be distinguished certainly 
fi'om the other Ziphioid Whales; but I am not props red to do 
this without further study of the subject. In the case of the 
males, in their a<lult condition and probably at earlier stages of 
their life, the occun*ence of a pjiir of largo tooth at the extreme 
front end of the lower jaw and cutting the gum is probably 
amply sufficient for recognition, particularly when taken in con¬ 
junction with the absence of the eimvmously swollen forehead 
so characteristic of the adult male But a young 

Ziphioid Whale of either sex, or an miult female which has no 
teeth visible during life, is less easily referred to its projwr 
genus. 

It has already been pinnted out that tlie Wexford s[»ecimen of 
Z. cauirostrlH and von Haast’s New Zealand 8}MH*inien (1880, 
pi, xxiii.) were white above and dark below—a type of coloration 
which is by no means common in Cetaee^i. (H-her speidmens 
which have been referred to this species were, however, dark 
above, even on the head, and light l>elow. Making full allowance 
for the unoei*tainty which so often prevails with ivgai-d to the 
real colour of Whales, owing to post morietn changes and to the 
fact that the examination frequently has to be made some time 
after deatli and under unfavourable conditions, it must Ik> con¬ 
cluded, in the present stote of the evidence, that Z. carirostris is 
a species of very vaimble coloration {cf. True, 1910, p. 35). It 
may further be noted that acoordiTig to Van Beneden (1888, 
p. 60) the'rostruin and forehead of Ui//tsrao(lon become white in 
colour witli age, Tlie projection of the lower jaw beyond the tip 
of the si^out is apparently a positive character of Ziphius; 
and the snout is .probably less distinctly marked than in eitlier 
^esoplodm or IJyperoodon, 

A further difficulty in defining the external charactei’S of 
eavir^tris arises from the unceiiiainty which prevails with 
regard to the two mandibular teeth in the female, in some of 
the publishetl accounts of this sex, these teeth at*e described as 
visible during life; while in the Unionhall specimen (probiibly a 
feix^ale) tiiey were completely concealed benetith the gum. 
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It is hardly necessary to attempt to give a full account of tlie 
literature of the subject in this pi*elinjinary paper, but it may be 
convenient to refer to the lists of recorded occurrences given by 
Turner (1872, p. 770), Flower (1872, j). 207), Van Benedeii 
(1888, p. 86), and True (1910, p. 30); the Memoir last cittnl 
giving far the fullest account of the general characters of the 
species at present published, and l)eing accompanied by excellent 
figures of skulls and oth(*r ]»arts of the skeletorn 

With regard to published figures of the entire animal it may 
he not<)d that some of the em-lier i’ej>resentations are so diflerent 
from one another that, in the absence of other evidence, it would 
he hard to )*olieve that they all represented the same sjiecies. 
Attention may, however, be directed specially to the following 
publi.shed iilustmtions:— 

A Sjiaiiish specimen figured by Cabrera (1914, ]), 380), wlio 
records three specimens fiom Santander, Bay of Biscay; 

Specimens re8p«‘otively from Alaska and JS^ewport, Bhode 
Island, of w’hicli phot<)graphs are reproduced by 'Jriie (1910, 
j»l. xli. figs. 3, 4). 

It may be noted finally that Avbether all recent specimens of 
//;)/((/as are referable t(» a single speeit's or not, there is every 
ivasoii to bfdievt* that the Ti ish specimens ))eloj)g to Z. canrostrits\ 
a oonclusj<in reached with regard to the Slietland skull by 
Sir William'rurner. This species was named by Chivier (1823, 
]>. 352) on the evitlence of a skull ohbiined from the. Bouches-du- 
Khone, at first r(‘gnr<le<l as a fossil s))ecimeu, hut shown by later 
writers to have been really that of a mjcnt animal. 


Mhmoiks Cited, 

1888. Beskden, P. J. Vax.- "* Les Zi]>bioi'des des Mers d’Kurope.*’ 
Mem. couronnes Acad. Boy* Belgicpie, Coll, in 8vo, xli. 
Mem. No, 2. 

1914. Cai»ueka, a. - Fauna Iberica, “ Maniifero.s,*’ Madrid, 
}». 376. 

1823. Ct viEH, (i. - Beeberebes Ossemens Fos.siles, Nouv. Fd. v. 
1’'‘‘ Partie, p. 352. 

1872, Flowek, W. H.-~*‘On the Becent Ziphioid Wliales.” 

Trans. Z<»ol. Soc. viii. 1874, p. 207. 

1882. Okay, David. —“Notes on the Characters and Habits of 
the Bottlenose Whale {J/i/peroinfou rostratas),** Proc. 
Zool. Soc p. 726, 

1880. ITaast, j. vox.—** On Ziphius novtv-zealanditpJ* Proc. 
Zool. Soc. p. 232. 

1914, IIarmeh, S. F.—Report on Cetacea stmnded on the 

British Cemsts during 1913.” Published by the Trustees 
of the British Museum. 

1915. IIaumeh, 8, F.—“ Report on Cetacea stranded .... during 

1914.” Ibid. 



666 


ON CUVIB&’S WHAL& 


1872. Hector, J.—On the Whales and Dolphins of the New 
Zealand Seas.” Trans, Proc. N. Zealand Inst* v. 1873, 
p. 164, 

1910. True, F. W,—An Account of the Beaked Whales of the 
Family Ziphiidse in the Oollection of the XJ.S Nat. Mus., 
with Bemarks on other specimens, in other American 
Museums.” Smithsonian Inst., U.S. Nat. Mus., Bull. 73 
(4to), pp. 1, 30. 

1872. Turner, W.—“ On the Occurrence of Ziphius cavirostris 
in the Shetland Seas, and a Comparison of its Skull with 
that of Sowerby’s Whale Won aowerbyi)** Trans. 
Boy. Soc. Edinb. xxvi. p. 759. 

1912. Turner, Sir W^.—“The Marine Mammals in the Anato¬ 
mical Museum of the University of Edinburgh,” p. 77. 



Off A NEW NEMERTFAK. 


5G7 


39. Fauna of West Australia.—III. A new Nemertean, 
Geonemertes deruitji,, sp. n., being the first recordtMl 
Lund Nonierfean from Western Australia. By W. J. 
Dakin, D.Sc., F.Z.S., Professor of Biology in the 
University of W. Australia. 

[Received Augu^^t 5, 1015: Read November 9,1915.J 
(Text-figure 1.) 

IXPBX. 

SY8T15MAT1C : P;igC 

Ufutnemerti's dendtfi^ sp. ii. 6H7 

SxttVCTURK ... . 609 

IwAud nenierteans are notoi iously rare animals, and it is tliere- 
foie particularly interesting to record a new species from the 
Western State of Australia. The recoid is inteiesting too, beca use 
the other known species in Australia comes from Victoria and ^'ew 
South Wales, about two tJious.*irid miles distant from this'western 
locality. The country heiween can scaraely he called suitable for 
t.he distribution of such an organism. The animal w'asdiscovereil 
by tlu* author, whilst searching for Peripaina^ in a valley in the 
] darling Range not far from Perth, l^and nemerteans are cryp- 
tozoic in liahit and occur in the same situations as Feripatua and 
land planarians, yet no sjiecimens have pieviously been discovered 
in West Australia, although many scientists have made collections 
of these latter Cryptozoa. J, m} self, have looked for Feripatus and 
land planarians in the Darling Ranges, and other parts of West 
Australia, on very many (Hva.sioiis without ever meeting with a 
specimen of (ieoitewertea. This iii>t record does not indicate any 
greater abundance, for only one isolated indi^’idual—a mature 
female—was found. It is pndmhle, how'ever, that in the keen 
searcli for l*eripatu8 (when the attention is inmcentrated on 
distinguishing this fuiimal from its background) sjiecimens of the 
neiiierteari have been passed over as land planarians. 8uch, in 
fact, would have been the case this time, it the animal had not 
protruded a long proboscis on being disturbed. 

The example belongs to the genus G(>onemeries^ and I have 
much pleasure in naming the 8}>ecies after Professor Dendy, who 
w^as not only the first to discover land nemerteans in Australia 
and New^ Zealand, but w ho elucidated many points in the anatomy 
of the genus. The previously recorded species from Australia 
and New Zealand ara Geonamariea axiatraUenaia Dendy, occuning 
in Victoria, New South Wales, and Tasmania; and Oeonemertea 
noxHjR-zealaxidice Dendy, a very rare species occurring in South 
Island, New Zealand. The new form 6\ dendyi is more like 
6^ auatralienaia than the Newr Zealand specaes. 

HiihiiM .—The spcKumen was found under a small log in a 
rather damp situation, about two yards from a small stream, in 
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one of the valleys near Armadale. Under the same log were 
two specimens of Peripatvs gilesiif a slug, and some of the usual 
bniail crypiozoic ai'thropoda. JScutigera was also common in the 
neighbourhood. 

Extefmal n^iaractera.—Geonemertea dandyi is apparently much 
smaller than the East Australian sp«»cieH, for its total length when 
living and uncontraoted was only 15 min. (prol)oscis retracted). 
The greatest breadth occurred at a point about one tliii’d of the 
length from the posterior end. Just in front of this was a 
slight constriction, as if the animal had been nipped. It is 
]>robable that this feature is only some temporary or individual 
character (»f the specimen <^ptuied, but as no otheis are to hand 
for purposes of comparison, it is worth mentioning. 

Text-fig lire !• 



, Otonemertes dcud)/i, 

A, Doioal Mfw, H. Anterior end rouhidcial)!) <*nliU(rod, 

Tlie colour of the living animal is brown-pink, but the shade 
is not uniform over the entire surface. The latemi parts of the 
body are more of a light flesh-colour and signs of tlie large ova 
were visible, showing through the skin. The under surface is 
pale. On the dorsal surface, and most prominent on the posterior 
tliii'd of the animal, are two dark sti'ipes of chocolate-brown. 
They are not sharply defined, and the dissecting-microscope 
indicated that they are collections of little brown spots. There 
is just a faint indication of the continuance of the Htri|)e8 foi-ward 
over the anterior part of the dorsal surface. 

Close to the anterior end of the body, and on the dorsal surface, 
are the eye-spots. According to Uendy, Gemiemertes australienais 
differs from other known spedes of Gamamartaa in the possession 
of a large number of eyes. The New Zealand species has only 
four eyes, and four or six are the usual numbers. In Dendy's 
specimens from the eastern states the eyes numl>ered as many 
as thirty or forty, and they wei*e arianged in two groujis. It is 
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interesting to note that the author describes each group (con¬ 
taining about 20 eyes of various sizes) as sotuetimes showing 
indications of a division into an anterior and a j>osterioi* 
grou]), and he says tliat “it suggests tliat the tnnn(>rouK eyes 
of G, arntrali^mis may have been derived l)y suhilivision of four 
eyes, two large anterior and two small posterior, such as we find 
in G, chfdicophora.' 

In Geotismerieit dpudyi there are four fjuite distinct groii})S of 
eyes- t wo anterior gnaips of large eyes, and two fiost-erior groups 
of smaller eye-sj)ots. There are five or six spots in each of tlie 
anterior groups ami tliree in each of the posterior, making a tottil 
of sixteen, 

ANAlXJMy. 

The anatomy of the animal as made out from serial sections 
dws not <lifler in any points of importance from that of G. an.s- 
Uiifort imately, the aiiinia] was fixed in an acid fixati v e 
and consequently ibis impossible to see any tiling of tlie calcareous 
stylets. 

'J'he epidermis and basement-membrane are both of the usual 
type. There are no rod-like lanlies, and ealcai-eous bodies like 
those tlescribed by l)endy in 6*. (tnalralmiifils not to be seen, 
'riiis, howevei*, is no protif of their absence, for Dendy was never 
able to find them in his sections althougli no acid fixatixe was 
employed. 

W itliiii the basement -membrane are t w’o layers of muscle-fibres, 
but judging from the figures the thickness of tlie layers is not 
so gi’cat as in G. 'J'he outer sheath is of eiictilar 

fibres, the inner of longitudinal mus<*le»fil)res. If a la^vr of 
tiiagonally dis[»osed musele fibres exists between these two slieaths, 
it is not evhlent in the transverse sections. The muscular dia¬ 
phragm, described by Dendy as a development in the cepiialic 
region, is well seen in the jneseni sia'cies. 

The alimentary canal exhibits no new' points. Tn the specimen 
st*ctioued the lumen of t he canal is almost obliterated by masses 
of protoplasm such as have la^eii described hv von (fraff* as 
occurring under certain eomlitions in G. c/ialico/dtora. The inoiit li 
opens into the rhynehodieuin as in G. amtrcdieruiis and the New 
Zealand species. Tlie position of the opening is in front of the 
cerebral gringlia. 

The Lateral Organs. -Two distinct cephalic or ciliated pits are 
to be found on the ventral surface near tlie anterior end of the 
iKMly. The ducts pass almost vertically upwaitls toward tlie 
cerebral ganglia and then turn rather abruptly and run toward 
the sides of the liody. Cilia can he traced in these duets for a 
considerable distance—they aix} to be seen where the ducts are 
4j[uite close to the ganglia. There is little to ad<l further in con¬ 
nection with these, except that the ducts come into ratiier intimate 
connection with a curious mass of tissue lying ventiiilly and 
slightly posteriorly to the ventml lobes of the biaiii. This is 
probably what IJendy calls the “ ojsophageal organ.” The tissue 
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is most certainly non-*nervoiia. It stains an intense blue with 
heematoxylin and has all the characters of glandular tissue. 

Gephalio of the most curious diifereuces between 

G, dendyi and G, amtralieth$i$ is the apparent lack of a well" 
developed cephalic gland. I must confess that 1 cannot recognise 
any structures in my secbions which seem to fit in with the descrip- 
tion given by Dendy. The sections Were stained with haamatox- 
ylin, and glandular structures are well brought out* The dorsal 
glands are well developed, and agree in position with those 
described as occurring in G, aaatrcdmmia^ but there aT*e no other 
distinctly ** hirge, irregular, glandular masses, closely packeil 
together—staining deeply with hrematoxylin ** overlying the 
dorsal lobes of the cephalic ganglia. The only well-4leveloped 
glandular structures in this position are the anterior glandular 
masses of the dorsal glands. 

Reprofliictive, Organs. -The single specimen so far known is a 
mature female, and there is no trace whatever of male organs. 
The sexes are also separate in G, anatraliensis* In the classiti- 
cation offered in Benhatn^s treatise (Treatise on Zoology, Ed. by 
E. R. Lankester, Part iv.) the genus Geonemertea is placed in the 
family Prosorhocmidas: “ With four eyes, cerebral organs are 
rudimentary. Cephalic gland large* Mouth and rhynchocud 
coincident. Usually hermaphrodite.** If G. dendyi is considere«l 
as one member of this family, the diagnosis of the latter rorjnires 
to be made a little more general. 

In G, dendyi the ova are found throughout almost the entire 
length of the body—the most anterior ones occurring just pos¬ 
terior to the brain-masses. They are present in different stages of 
growth, but most of them are very large and a[)parently mature. 
Curiously enough, I cannot detect the genital duets which are 
figured so distinctly by Dendy. In one or two places there are 
signs that might be interpreted as remains of these ducts. If 
one did not know, however, that sncli structures did exist in the 
genus, they would never be suspected from my sections. 

Summary 

The characteristic features of Geonemartea dendyi^ sp. n., are <is 
follows. The length of the mature female is about 15 mm. vdien 
crawling. The colour is brown-pink, with two doiwd and .some¬ 
what posterior darker longitudinal bands of chocolate-bi^wn. 
The eyes ai-e arranged in four groups—two anterior, each of five 
or six larger spots, an<l two posterior groups, each of three smaller 
eyes, making about sixteen or seventeen altogether. Lateral 
organs are well developed, opening by characteiistic ciliated 
cephalic pits on the ventral surface at the anterior end. The 
mouth opens into the rhynchod£eum. The sexes are distinct. 
Cephalic gland apparently not well developed. Other structures 
agreeing well with the description,of similar parts in G. amiraU 
ienaia. The specimen .was found under a small log, together 
with Pmipatm gileaii^ in the Darling Hills, Western Australia, 
not far from Perth. 
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40. Fauna of West Australia.—TV. Pahvmonetes austral! 
sp. n., being the first record of the genus in Australia. 
By W. J. Dakin, D.Sc., F.Z.S*, Professor of Biology 
in the University of W. Australia. 

[Kewixetl Auirust 5, 1015 t Ilcatl November 0, 1015 j 
(Plate !.♦) 

Indkx. 

SvsTRMATrt': IVire 

i*alffntonetf8 ii. .. 571 

With the exception of the I^hyllopoila and the crjiyfishes, few 
arpiatic aniinals ap|M‘ar to ha\e heen collected ainl recorded from 
the fresh w*atM‘sot Wt*stern Au.stralia. 

Among the so far nnrccoriled species is a [)mwn-like crnstMc<*aii, 
\\hich is extremely common in iiiiuiy of the riveis near Perth. 
What its actual niiige in the cimlinent may he, remains to ho 
discovered. The species was first found by the author in a tow- 
net wliich had la^en thrown at random from a liver-lmnlv and 
pulled back ; the net just scra|>e<l th<* hottomon the way. About 
fifteen specimens wwe caught in this \ery short, careless haul, 
and as the animals are pretty acti\e in their movements they 
must have heen present in large numliers in the w^ater. 

Since the first discovery, specimens Imve been obtained from 
several other districts. All proved on investigation to belong to 
the genus l*uJ<rinonrte^, This new^ rec»ord marks ,a considerable 
increase in tlie knowm geograpliical range of tins genus. Ho far 
as 1 can determine, onh one species of Pahrmouetrs is known to 
occur in Europe, hut that is found in Swe«len, Denmark, Belgium, 
France, Italy, Spain, and t he Black Sea. It has also been collected 
in the British Islands and even so far south as Egypt. This 
species, PaUrmoneles rariaus, lives in water that is more or less 
brackish and close to the sea, as well as in the perfectly fresh 
water of lakes and rivers. 

Most of the know'll species of the genus Pala*iuonetes appear 
to be American—the following having being recorded. Palirmo- 
^hetes vulgaris (sea-w'ater—hays and estuaries of II. S.A. coast), 
Paltrimnsies erifiim iStiinpson (fivsh-water — U.S. A.), P, carolinu<t 
Htimpsori (marine — U.S.A. c<Must), P, argentuius Nohili (South 
America), P. kadiakensis Rath bun (North America), P, raids 
Rathbuii (blind stiecies found in caves in CuUi), P. antrorum 
Benedict (blind species from an artesian well in Texas), P. eigen- 
9nanni Hay (blind species from caves in Ciilia). The Rev, T, R. 
B. Stebbiug writes me that he has described and figured a species 


* For explttiiation of tho Plato sot p. 574. 
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fiom Natal, so that South Afric5a ha« also a representative of the 
genus. It is surprising to find that, on the whole, there are only 
slight differences between the Australian sjiecies and P, vaa*iwii 9 
from Europe or the sjHScies known from the American continent. 

Hahitat in West Australia ,—Specimens of P. australis were 
first met with at Northam, a small town inland on the plateau, 
about 70 miles from the coast and at an elevation of roughly 
600 feet. They were o^ptured in the River Avon, where it breaks 
up into small channels below the weir. The water is of course 
quite fresh. The largest specimens obtained have been caught 
at the above placse, and the animal is quite plentiful at all seasons 
of the year. Large-sized specimens liave also been capture«l in 
Gin Gin Brook, about 60 miles north of Perth and at an elevation 
of roughly 300 feet. Mr. W. B. Alexander, ]VI.A., of the West 
Australian museum, has placed in my hands collections captured 
in Bibra Lake and the Serpentine River. The lake is a small 
expanse of water only a foot or so deep, if that in the dry season, 
and is situated on the coastal plain not so very far from the sea. 
The habitat of these lake specimens is very different from that of 
the Northam examples, an<l there is a characteristic difference 
in the size of the individuals, those from the Northam River 
being the larger. The average length of the individuals caught 
at Northam is 32 mm., against 20 mm. for the Bibni Ijake type. 

The Serpentine River is about 34 miles south of Perth, .^nd 
the specimens were caught where the river leaves the hills aiid 
enters the coastal plain. The specimens from Noitham are 
dascribed and figured as the type specimens of PaUhmmutes 
australis* 

Description, 

Body stout. Length of largest specinjens39 mm. from end of 
telson to tip of rostrum, and 72 mm. to tif) of outjstretcbed an ten me. 
The living animals are tifinsparent, with a prevailingaml>er-green 
tint. Brown pigment flecks occur laterally on the posterior 
margins of the abdominal terga, and there are sometimes two 
delicate longitudinal lines on the cam pace somewlmt laiemlly 
situated. The carapace is not quite so long as the hist three 
abdominal segments. The sixth abdominal segment is almost 
twice the length of the fifth. 

The rostrum is long and al>ou£ equal in length to the 
carapace, but may be very slightly longer or shorter. The tip of 
the rostrum exceeds the distal margin of the antennal scales. 
The rostrum is laterally compress^ and has a pvonotniced 
curvature trending upw^ards towai-ds the apex. A few small 
chromatoplioies are present. The dorsal armament consists of 
usually five or six teeth which are almost equally spaced along 
the entire length of the rostrum. This is without counting a 
distal tooth which forms the upper portion of the bifid apex. 
The most posterior dorsal tooth is well behind the orbital notch, 
and the next one is immediately over it. There are thi'oe or four 



A NEW Cin;STAf:EAX. 


573 


ventral teetli. The <lor.so-ventraI iliicknejss of the rostrum is not 
eo ^?reat as that of /\ variann, 

Et/es .—The eyes are well clevelo}>©cl ainl on fairly long stalks. 

Auteimvles, —The antennules are as long as the abdomen with 
telson. Tlie peduncle when extended does not attain the length 
of the rostrum by about one-third of the latter, and falls short of 
the distal margins of the antennal scales by about one-fifth the 
length of the scales. The shorter ramus of the outer antennule 
is fused to the longei* for about half its length. 

Anienn(t\ —The antennal scales are large, long, and broad, ami 
• more than twice th(‘ length of the antennal pe<luncle minus the 
first segment. They are imtijuite so wi<le distally as proximally. 
The antennal peduncle falls short of the first segment of tin* 
]>e<lunele of the anteiitiule. 

Maiulihle. The mandibles are witlumt |)}dj»s. Incisor and 
molar processes are well developed and tipped Jis imlicated in the 
tigure. 

MaxHhthr and Majtdlhf'.— Thv^e ajipemlages are as figured. 
They possess no features of systeinatie im])oi‘tanco marking them 
off* from t he similar a]>pendages of /\ variaiis. 

Ma.rillijif'drs, —^I'bese are similar in structuie to tbosc^ of /'. 
vftrinus. The third inaxillipedes when extendetl reach approxi* 
mately to the end of the antennaiy peduncle. 

/*er(f'opodii. 'fhe seeoinl pericopoils are the longest, and Avhen 
extended they overhi]) the antennary scale hy jialms and fingers. 
The thjj’d penropods are about as long as the first, the fourth a 
little longer, and the fifth pair are the longest of the posterior 
three. The first pair of peiwopods attain almosr the apex of the 
aiitenmiry scales when extendeil forwaj'ds. 'J'he chela? of the 
smmd pair are short(*r than the carpus, and the dactylus slightly 
more than two-fifths length of j»alm. 

7Wsoa.--'rhe telson is longei- than the preeeding segment. It 
terminates in the mid-line with a spine. The armament consists 
of tw'o pairs of stout sja'nes and one jiaiv of seta?. The latti-r are 
situated one on either side of the median spine. The ]»os1erior 
margin of the telson dittV*rs distinctly in shape from that of 
/*. rarianfi. Two pairs of spines are ]>resent on the dorsal surface 
of the telson. 

• COXI'LI’SJON. 

l*ala’mo notes australis occui-s in the fresh-watei- of rivers some 
iHstauce from tJie coast in We.st Austndia, and is also found in 
shallow lakes on the (‘oastal plain. 

Females beai-ing eggs wbieh have been just c*xtruded have 
been captured in September (llibm Lake), and other.s bearing 
embryos not far from the batching stage have lieen collectcid 
on January l«t from Gin Gin BrooL This would indicate that 
the breeding season coincides with the early months of tlie 
summer—the dry season. Most of our \Ve.st Australian fresli- 
water animals breed in the wuiiter or sjaiiig, ami many ]74>sso.ss 
Piioc. ZooL. Soc.—lUlT), No. XL. 40 
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drought-resisting eggs. UiifoHuately, uewly hatched lai'Vffi 
have not yet been captured, so that we are unable to iigure this 
stage. 

The species of Va!Uemomie$ known at present differ but slightly 
from one another, and the characters of most importance 
systematically which mark the Australian si>ecies are {a) rostrum, 
(6) rami of antenrlule, (c) lengtii of persBopods and their 
segments, ((f) telson. 

EXPLANATION OK THE PLATE. 

J^al<fwmete$ awitralui. 

Fig. 1. Rostrum (tbnn with seven dorsal spines). X 9. 

2. Outer autennulHr tlagellum (hasal {m>i tiun). 

»'). AuteiiuHl HCHle and base ut antt^uUM. X S. 

4. Mandible. X 20. 

5. Fust maxillH. X 12. 

H. Second iuu\tlla. X 12 

7 9. First, second, and thud luaxillipedeH. x 12. 

10. Second peneopod. X 7. 

11 13. Tliud. tourtb, and flttli pera'opods. X 3. 

11. Telson. X 12. 
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41. The Koopin^ and of Tasmanian I)oviU 

{Sarvophibiii liarrhsi), J^y Mrs, Mauy (1. IloHKUTs, 

M.H.A.O.U. 

Jniu* 21. nUo Hoad (htoWor 2r». l{n.>.' 


Pvitr 1. 

Until 1 vMis .‘iislviMl l)y Mr. A. H. Lt* Soud’, Dirrtdoi of llu* 
Zoolo^^irnl (lardrns, iMooiv Park, New South W’ales, earlv in IHIO 
to obtain, if fM>ssil)le,'raMiianian Timers {Thylacinut* cjfnuo^ffhahin) 
and l)evils (Surrophiltin harrisi) for the liondon Z«)olo^ieal N»eiet \, 
I had never thought of keepin»r either of animals in niy 

collertion ; in fact, tliev were (piite unknown to ine exeept as 
museum spcHMinens, although J had fre(]uentlv \isited remote 
parts of our island. I have vivi<l recollKdions, however, of liow, 
wlieii a youn/jf ehihl at l>oar<1ing>school in the late forties, some 
of the girls Irom Both well, near the Ijake District, used to gi\e 
graphic and ten ifying accounts of the Tasmanian l)e\ils with 
their double row of teeth. This belief is m»t }et e\]»lodetl, as it 
was impressed upon me lately with the utmost contidence by a 
country \isitor that such was the ctise; he not only belie\ed, but 
sai<l “he had seem.” The teeth ha\e been describnl to me b\ a 
s('it*ntist as truncated. 

Shortly after liearing from Mr. J^e Soucf, by means of adNca- 
tising, writing, etc. I obtained three for the liondon Senu’ety, and 
liaviiig then become thoroughly interested 1 deteniiiiual to ke(‘p 
some myself. Since that, time a large nund>er have passed 
thnuigh my hands, ami more than once I have been “a woman 
j»osstwsed of seven ile\ils,” 

fn April 1911 1 received a family (a motlier and four young), 
ami again in September of the same year a similar lot arrived. 
The former were very young, and 1 had the o})j>ortunity of 
w'atching their growth almost from their first appeanince when 
partly protruding from the pouch. When sending them, the 
trapper wrote that •* the mother was so <juiet, 1 need not be afraitl 
to pick her up in my arms.” The little ones hung from her jm>uc1i 
(hearls hidden in it), and she lay still aii<l motionless as if afraid 
of hurting them by moving, and allow^ed me to stroke hei* heatl 
wdth my hand. However timid they may he, and nndonhtedly 
they ai*e exti*emely so, growdiiig and showing their teeth when 
frighteiied, they alw’ays evince this genth*ness and stillness wdien 
nursing little ones. 

The skill of the young, on arrival, hail tlie a])[)eai*ant*e of a 
slate-coloured kid glove, the tail darker towards the tip. 'Die 
hair could la» seen growing black ami velvety from the head 
downwards, tla* latter being hidden in the T)ouch for some days, 

40 * 
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and it was interesting to note the progress of the growth of the 
hair fiotii day to day. The slioulders were covered while the 
hiiahcjBarters were almost, or quite, bare, although a faint streak 
of white was discernible where the white markings were to come 
later on. At this early stage, should the mother get up to 
move about, which she rarely does in the daytime, the young 
somehow scramble into the pouch again. 

This family went later to the London Society, but the second, 
which came on the 1 Oth of September, 1 kept for my own pleastire, 
w’ith the extreption of the mother; as she had lost a foot when 
being trapped, I thought it best to have her desti*oyed later on. 
Unfortunately, when they were about Ifalf grow’ii one escaped into 
the garilen, and the next morning her mutilated remains were 
found—she had fallen a victim to our two fox-terriers. Tlie three 
survivors have been ever since an unfailing source of interest 
and amusement to my family, to visitors, and myself. When a 
bone or piece of meat was thrown to them a tng-of-war was 
always the result, and sometimes a chase into one door and out 
of the other of tlio little cave. At otlier times, while one has 
been holding on to a bone held in my hand, I have lifted it 
completely oil* the ground, while another would cling on round 
the waist and try to pull it dowm. 

Many visitoi*s from the Couiinonwealth have heard such exag¬ 
gerated accounts of the feroiuty and ugliness of tlie Tasmanian 
Devil (otl)er.s, again, have believed it to he a myth), that they 
sometimes express surprise when they see them so lively, sprightly 
and excited, running out to my call; they then leinark, “the 
devil is not so bhick as he is painted.^’ 

Two of these Devils w ere latterly kept together as a pair, and 
for the pur|K)ses of this ai’ticle 1 w ill call them Billy and TrngHiiiiii, 
after the la.'^t two survivoi-s of our lost J'asmanian imte. These 
showed no dispositioii to breed until April IDKf, and my obser¬ 
vation of them and of many othei*s that 1 have had in my keeping 
is, that the disinclination to tfike up maternal duties is always on 
the pxrt of the female. I then noticed suddenly a decided change— 
that Billy W’ould not allow her to come out of their little den ; if 
she did venture wdien called to be fed, or at other times, he imme¬ 
diately attacked her and w’^ould drag her back by the ear, or any 
other part, but although otherwise cruel, he would carry food in to 
her. When I ctdled her, it was pitiable to hear her whining; but 
it was of no avail, for Billy was a relentless tyrant and kept her in 
strict seclusion for quite ten or twelve days; then early in May he 
allowed her to be free once more. Fivun thei>ce onward, although 
they were sometimes peaceable and afifectionate, the balance of 
power was completely on Truganini’s side; she constantly resented 
his approach by biting and snarling at him : it seemed ns if 
coming events cast their shadows before, and she instinctively 
felt that he would do the young some injury. Frc^m now her 
pouch was anxiously scanned day by day, but it was some time 
before I could be sure that it was gmdually enlarging. 1 had been 
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advised by l)i*. Iforiinday, of ibe New Vi)vk Zoological Park, tbat 
if ever tin? Tigers or J)evils were likely to liave young, to remove 
the male, and as soon as 1 was certain, 1 had JJilly taken aw^ay 



and placeii wdth the other ineml>er of the family. Tliis made 
Truganini moat unhappy, as he was near enough for her to lu'iir 
him, besides which, the two males fought; so, being cautioiied by 



578 


M. 0, ttOBmiTS OK 


my family that perhaps my inteHereiice miglit cause a disaster, 
1 yielcled and replaced him, doing «o with many misgivings. 
Mattel's went on much the same until late in Septeml)er, when to 
my <lelight a tail, and at other limes pai*t of a small body, could 
be seen sticking out of the pouch, more especially when the 
mother sat up to wash her face, or rolled upon Imr liack; unlikc'i 
<lomestic cats, the devils use both paws for washing, placing them 
togethei' and thus making a cup-like depression which, when 
thoroughly licked, is rubbed well over the face. Everything lookeil 
very promising on the Sunday l>efoie Michaelmas Day, when I 
noticed Truganini carrying large bunches of straw about in her 
mouth, evidently seeking for a retired place to make a l>ed, and 
we had already placed some fern logs in a corner of their yard. 
As Billy would follow lier about and interfere, I had a box put 
down with a hole cut in the side tliat she might hide under; hut 
it was of no use, asAvhere she went he would also go, ami a scrim¬ 
mage was the inevitable result. Early next morning, with many 
misgivings I left home for ten days, only to fiml on my reiiirn 
<hat her j»oueh was empty and that the joung had disappeared, 
ami as no remains whatever had been found, 1 could only conclude 
that they ha<l been eaten by Billy. 

Thus ended all my hopes and anticipations for 191,3. 1 have 

not so far related an incident that tc)ok place just hc^fore the 
breeding-sea son. Being hopeful that Truganini might luive 
young in lier {KMich, and my assistant being as usual very busv, 
Professor T. T. Flynn, of the Tasmanian IJniversitv, who is 
always interested in onr marsupials, kindly offered to examine 
her pouch. As soon as an attempt was made to cafccii her, Billv 
grasped the position of aifnirs and fought to defend her with all 
his uiight, even getting behind her in the little cave, putting a 
piw on each shoulder and holding her tightly, lest she miglit get 
into what appeared to him to be the danger zone. By dint of 
l>ei*sevei'ance and a little sti’ategy he w^as outwitted at last, h\it 
onr hopes were doomed to disappointment, 

Truganini has now passed tiii'oiigh another period of retirement, 
ami I am hoping to recoid shoHly a gresiter measiii'e of success 
for 1914. 

T cannot close this article w ithont a few'wwds in defence of the 
Tasmanian Devil, as ] am sure that it is more or less “ misunder- 
stocxl,” and the article with ])hotogiuph published in the ‘ Royal 
Magazine’ for October 1913 under the name of L. R. Brightwcdl, 
F.Z.S., is, 1 consider, gimtly exaggerated both us regards their 
appearance and chameter, viz., “They are well named, for they 
U^r ev^eiything, even sheep, to pieces if they get the chance.’* 

On several occMvsioiis when one of mine has esca|)ed, the only 
mischief done has been the destniction of a fowd or a duck or two. 
It would have been just as easy for a wallaby to Iwive been killeil 
if they had had the inclination, nlx)iit which our fox-terriers w'oiild 
not have liesitated for a luiiiiite if a chance had occurred. When 
in tmnsit to London last year one es(*aped, and I have lieeu told 
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by the cliief offieer of the vessel that the passengers were much 
alarmed as there were children on lx)ard, and someone went about 
with a revolver/* Later I came atToss the butcher who was in 
charge at the time, and he appeared to have been rather amused 
than otherwise, and told me the missing one was discovered at 
lest quietly sleeping under the l>erth of one of the sailors! 1 

don't wonder, with the reputation that the devils have, that the 
passengers were alarmed. 


Part II. 

Having written so much in the first part about the keejung 
and breeding of Tasmanian Devils, I fear 1 have not many fresh 
facts to relate for 1914. The setison arrived a month earlier, and 
Hilly release<l his little mate from retirement on the 20th of 
March. She was just as disagreeable to him afterwaixls as she 
had been on tlie former occasion, biting and snarling whenever 
he approached her, and on the 8th of Jidy 1 removed him from 
the enclosure. There was nothing of importance to note until the 
3()th of the month, when a little tail was seen sticking out of tlie 
pouch, and on the following day a foot and thigh were visible. 

1 will now give my observations on i*ert/ain days following. 
August Jlrd—Little ones j«irtly hanging out of pouch. 1 must 
not forget to state that about this time, or a little later, Truga was 
observeil carrying bundles of straw’ about in her mouth, witli 
which to make her bed, and finally took them behind the fern logs 
that/ we had throwm down, hut unfortunately I omitted to note the 
exact date. 4th, r)th, and 6th - Sometimes saw three tails only. 
7th A little one lying on its hack, feet in air and head in pouch. 
On the 9th, for thefii’st time, the man saw^ one standing alone on 
a fern log, when it immediately scrambled down to the mother. 
10th, 11th, and 12th—-Mother fre<]uently seen, sometimes with 
only three tails ohservabk% at other times litth* ones exposed, 
botlies resting on the ground with the beads bidden. From 
these observations, I may point out how* difficult it is to know 
exactly when the young are able to leave the iwucli, it being 
coincident, 1 think, with the making of the bed by the mother. 
On the morning of the 13th Truga ran out to meet me, junqdiig 
over fern logs, and left a little one w'hining behind, having the 
tails of the other two ami a foot showing outside the poiuih ; 
she went back at once to the young one, when it immediately got 
on her back. 14th—Mother came out with two dangling fi-om 
her, leaving a little one behind crying; she at once ran back and 
returned with all three in her pouch. Next day when she came 
forward to meet me, only tw'o tails and a foot could be seen. 
16th—All three wei’e hanging out, and instead of jumping over 
ferns as usual, she had scraped away the straw and earth and 
came out from an opening underneath them. By this time they 
were getting quite covered with hair, white markings distinct, and 
sometimes when disturbed they would make a faint attempt at 
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a })ark. Fi*om the 19th to the 23r<l inclusive they were occawon* 
ally seen all together out, yet on the three days following I 
saw her about with two dangling from her. On the evening of 
the 27th, upon her running out to meet me, I threw her some 
meat, which she earned in to the young, afterwards returning for 
more for them, and eventually lay down contentedly in front of 
the opening. 29th—All three playing like puppies, biting each 
other and pulling one another about by the ears. JjOth—Whole 
family hanging from the mother as she ran out, and one hardly 
knows which to admire most, Imr {mtienco and endumnee, or 
the hardihood of the young in holding on find submitting to so 
much knocking about. The whole process seems very casual and 
most remarkable, when compared with the breeding an<l i*earing 
of other mai'supials. With the Kangaroo and allied types the 
head is seen first, looking out of the pouch, and in the early stages 
is quite bare. 8ept. 1st—Young ones playing in their little 
corner. 9th—Not been seen this month in their mother’s pouch. 
30th—Coming out all alone for pieces of meat and evidently able 
to look after themselves. At the beginning of the New Year 
I removed them to other qua.rtei‘s and replaced Billy, much tK> the 
annoyance of Truga ; pi'obably she resented the loss of lier little 
ones, and showed her anger by biting him severely alx)ut the 
body and leaving various tooth-marks. 

From observations made during the two seasons, I have come 
to the conclusion that al)out four months and a half elapse 
between the hreeding-season and the time tlm young are able to 
leave the pouch. 

The baby devils had the sense of smell very strongly developed; 
immediately 1 appimched, their nostrils would begin to work anti 
a vigorous sniffing would go on. ’J'hey were also expert climbers, 
and although I had some specially constructed yards made, tliey 
would get up the wirernetting and walk along the top rail cjiiite 
easily; at other times they would climb a pear-tree growing in 
their enclasure and sit in the branches like cats. 

General Bemabks. 

I have always found devils rather fond of a bath ; quite 
recently, going down to their yard after an illness and finding 
only a drinking vessel, I ordered a larger one to be put in, and 
they showed their pleasure by going in at once, sometimes two 
at a time. I have occasionally poured water from a can ovei* 
them, when they would run to and fw) under it with much 
enjoyment. 

Their sight in daylight is mther defective; they seem to pick 
up their food more readily by smelling tlian by seeing, and I 
think they can see objects better at a distance. 

At the present time I have six running together, my own three 
and three that I bought when in their mother’s pouch. All are 
tame, frolicsome, ami lively. I can go in and have a bit of fun 
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with them, and when 1 am (lutsiile their enclosure they frequently 
climb the wire*netting to the lieight of nearly six feet, and get 
their little black fa(?es close to mine with evident delight. We 
have tried more than on<?e to get them photogi’aplied, but it is 
impossible to keep them quiet, they are on for a KCiiiiiper all the 
time. Recently an adult escape<l, and it was discovered by a 
passing school-boy sitting on a high fence boidering the street, 
under the shade of some elm-trees, many people passing on the 
foot-path without observing it. They are, howevei*, always very 
timid when coming down. 

They are fond of the sun, and look well when basking in it, the 
rays shining through make their e,ars appiw a bright red, fore 
feet parallel with the head, hind-quarters quite flat on the ground 
and turned out at light angles, somewhat as a frog. 

My sympathy witli my little black “ brothers and sisters ” is 
intense, prol^ably evoked by having suffered much mentally owing 
to the gross cruelties which have come under my notice, the 
result of capturing them in traps. Frequently three or four ha\ e 
been sent to me in a crate, only to find later on one with a foot 
shot otr or a broken leg. In a consignment received some tinu? 
ago, a demi one was found ; it bore iiumisbikable signs of a snare 
previously, round the nec.k, one foot was gone (an old injury), 
and finally a recently smashe<l leg much swollen, the cause of 
death. 1 couimuuicate<l with the H, P. 0. A., and since then 
have had none from that district. 

I have derived much pleasure from studying the habits and 
disposition of the Tasmanian Devils, and have found that they 
respond to kiudne8.s, and certainly show affection and pleasun* 
when J approach them. 1 liave been led to believe that no ca.^e 
of their breeding in captivity has been recorded, and certainly 
not in Tasmania. 

Others wdio do not know or undei*staiid them may think of them 
as they like, but 1, who love them, and have had considerable 
experience in keeping most of our marsupials, from the Thylacine 
down to the Opossuiii Mouse (Dromica nana), will always i*egard 
them as first favourites, my little black playmales. 
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42, Notes on th(' Fotulin^ of Snak(»s in (^ji[>tivity. 

By E. (J. Boulkntgeu, F.Z.S., (kirutor of Iteptiles. 

[Ilweived October 8, 1916 : lleatl flotober 2fl, 1916.] 

Some years a^fo, in a paper eontributeil to the ‘ Pro<^ee<liji^s * 
of the Society ])y Dr. Clialniei's Mitchell and Mr. K. 1. Pocock, 
entitled “The IVedin^? of ]U»ptilos in Captivity” (1\Z. S. ltM)7, 
p. 785), a general account was given of the feeding hahits of the 
Snakes then living in the Garden.s, together with records of a large 
nnmher of individual sf>eciniens, showing the amount consumed 
Ind^ween tlie luontlis of May ami Octoheu’. My own general 
observations tally with those of Dr. Mitchell and Mr. Pocock, 
and iny object in presenting this pa})er is to lay before the 
Society some additional facts, to show how unnecessary it is to 
f<*ed the snakes on live creatni'es, and to give a detailed j*ecord of 
the amount taken and of the regularity of the meals in a numl)er 
of specimens ov(»r a period of a year. 

Previous to my ap])ointment at the Gardens 1 had fed the few 
snakes kept by me on live animals, being under the influence of 
the popular bedief either that many snakes w'ould not take <lea<l 
food at all, or that, at any rate, in most cases much time had 
to he spent in inducing them to <lo so. On taking over the 
charge of the reptiles here, 1 confess 1 was surj)rised to fiml 
how i-ea<lily they aece])te<l dejid prey, 1 wai? nevertheless 
opinion that some individuals w<»uld not accept dead food under 
any circuxnslances, and I therefore asked ami obtained the 
Secretary's pei-inission to ofter live food in certain cases where 
dead had been persistently refused. From tlie summer of 1911 
up to that of 1915, living prey was oflered to nine snakes that 
had refused the <lead as foo<l. The results given below are, 1 
think, convincing, showing that, wdlh possible rare exceptions, 
a snake that j'efuses to f<M*d on dejid nniin/ils is not more likely 
to ac^jit lliese if alive. 

1, x\na<'()X1>A {Kuufictfs nnfrhntJ<). 

This snake, a large specimen, 16 feet in length, refused dead 
food for the fii’st eigltt months f»f its captivity. A live duck w’as 
offered on two (Kvasions in the coin*so of the fii’st fortnight of the 
9t.h month, hut was rcifused on both. The thinl week it was 
once nmre given dead food, and this was accepted. It has since 
fed with the greatest regidaritv on dead chickens and ducks, 
consuming on an avei-age one a fortnight. 

2. Rktic'iilated Python {Python retmiMm ), 

This, a very large snake measuring 24 ft., hml fed since its 
arnval in 1898 with some regularity on tload kids nml ducks. 
In August 1911 it broke its jaw in the process of sw’allowing a 
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kid. The jaw was set in plaster of Paris, and the setting whs 
removed a month later. After the accident it refusetl to feed, 
and in November it was decided to tempt it with something 
alive. Live ducks were oflered on tM'O occasions in Noveinbei*, 
but were not taken. In the fii*st week of December it was once 
more given dead food—a duck, which was immediately accepted. 
The snake unfortunately died a few weeks later. 

3. Common Boa {Boa co^islHctor). 

This snake, measuring 7 ft., vras presented to the Society in 
July 1912, It had been kept in captivity some time before its 
arrival here, and been fed on live food only. For the first two 
months of its captivity at the Gardens it was offered dead rats, 
rabbits, and pigeons, all of which w*ei*e refused. As it ha.<l pre¬ 
viously fed well on live animals it wjis, in September and October, 
offered such, but they were not lakeii. In November deail fotwl 
w»is again offered and this time accepted, the snake feeding 
henceforth with some regularity up to June 1913, when pneu¬ 
monia caused its death. 

4. South-African House-Snake {Bomfon mfm*nfdis). 

This snake had been kept by me for two yeai’s previous to my 
taking over the charge of the reptiles hei'e. It had luuai fed 
on live mice. On its transference to otir Gardens it at once 
took <lead food, 

5. Puff Adder (Bitis ariftans), 

Keceived in June 1911, this snake fed with some regularity on 
dead rats up to the end of Decemlnu*, For the liisi six montlis 
of 1912, liowever, it refused focxl, «nd hs it was gt»tting thin w(» 
decided in June of tJiat year to let it have live fotxl. Live lats 
were accepted duriil|f jiaH of June, July, and August, and })art 
of September. Towards the end of the latter )nc>nth, dead food 
was substituted and taken, tlie snake ft^eiliug cm dead rats to 
within a week of its death in January 1914. 

6. Bush MASTER {Lachf^in mnius). 

This snake was presented to the Society in December 1912. 
As I had been informed by Mr, Mole, of Ti'inidad, wlio had 
experience of this species, that it had nevei* bc‘en induced to take 
dead prey, after offering it dead vats for three* consecutixe wet?ks, 
I obtainecl the permission to give it live* food, I'he live rats 
were, however, likew^ise rejected, and the snake died in March of 
starvation. 

7. Bushmaster {Laclmis mutvs ). 

This specimen, received in April 1913, was likewise offered 
living animals after refusing dead food for some weeks. It also 
refused to feed at all, and died in September. 
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8. C^RoBSEO Vi 1*1211 {LachfHW alteranim). 

This snake, rmnvetl in April 1914, was oftered living fcKsl 
after liaving refused dead pivyfor fifteen months. The live mice 
wert» acccjpted, but unfortunately the snake died shortly after its 


9. Tkxas JlA'n’LEKXAKK (CroUduH atrox). 

The snake, accjuired in June 1909, fed from lime t.() time upon 
d(*,atl animals n[» to June 1911. Having refused fotxl from then 
up to September, and as it was becoming emaciated, in the lirst 
week of Sepbmiber it was oflered live rats, which were refustal. 
The following week it fed on three <lea«l mice. Prom that day 
to its death in January 1912 it refused all food whether live 
or dead. 

10, 'Fexas Uattlksxakk (< VoWax 

As this snake, which was recoivcil in Ma}* 1912. refu.s<Ml dead 
f(MMl ff)r the first six weeks of its captivity, it was (lecidtxl to 
give it living animals, and it was otlered live rals during the 
month of July. It, however, refused both the live and the ilead 
food, and «lied in September. 

All/hough a number of persons with much t*xp<?ricnce in keejung 
these reptil(‘S in captivity, have been ui»successful in inducing 
their spt‘ciiiiens t(» accept dead prey, the above reconls, 1 think, 
jirove that, in t>ur (lardens, at least, it is (juito unnecossiiry to 
give any snakes live food, as out of about JOO snakes kept beie 
<biring the period covering these observations, with tdie exception 
of the Crossed Vi[K*r wliich die<l shortly after its meal, not a 
single snake vvouhl feed on liv'e animals only, and in four cases 
dea,d f<io«l was accepted aftiei* tlie live prey had been refused. 

A point greatly in favour of giving dead animals to the snakes 
lies in the possibility of examining the former for tubercle. I'p 
to the inoiith of June 1910 the animals intende<l for the snakes 
were not examined. At the suggestion, however, of Professor 
Plimmer. tlie Society’s Pathologist, from that date onwards the 
food has been carefully inspected and about 5 per cent, condemned, 
with the result that tubercle in snake»s which prior to June 1910, 
accounted for 14 per cent, of the <leaths, has hi‘en reduced to just 
over J [>t*r cent. In the years 1908, 1909, and the lirst half 
of 1910, liefore the inauguration of the new system, snakes 
in all died of tuheivle, while since the examination of the food, 
the second half of 1910, and ilie years 1911, 1912, 1913, 
1914, and tlie lirst half of 1915, there have been 23 cases only. 

Jt is generally believed that if snakes wdll take dead animals 
these have to be (piite freshly killed and warm. Such is, 
however, not the Ciise, for, as has been pointed out by Dr. 
(.Jhalmers Mitchell and Mr, Pocock, the prey is frequently not 
taken until long after it has been introvliiced into the cages. 
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As au instance of this, it is, 1 think, worth recording that one 
of our large Indian Pythons on one oiicasion did not take a 
rabbit which had been given it at 4 o’clock on a winter’s after¬ 
noon, until 9 o’clock next morning, when, Jis was only to be 
expected after 17 hours in a temperature of nearly 80®, it w»us 
in an almost putrid condition. 

Anotlier point of peculiar interest is that while tame nits are 
acceptable to a large number of the snakes, wild rats are seldom 
taken, and even when accepted are not digeste<l but brought up 
again a few days later. Tliat this should be the case with rats 
caught outside the Gardens is undei-standable, but the wild rats 
1 refer to are those caught in the Gardens and are therefore, 
living as they do on the remnants of the food provided for the 
exhibits, comparatively clean fc*eders. 

The experience of Mr. H. N. llidley wdio, writing of the 
pythons in the Botanical Gardens in KingB.{)ore, stated that small 
specimens fed about once a month, large ones once in six to 
nine months, did not coincide with that of Dr. Mitchell and 
Mr. Pocock, who recorded the fact that the majority of specimens 
fed with the greatest regularity during the summer months, 
some only I'efusing food when about to shed their skins. As 
may l)e seen below, my experience vrith the large snakes likewise 
difters from that of Mr. Ridley: two large specimens feeding on 
as many as thirty occasions during the year, the longest period 
of fasting amounting to just over a month ; \rhile of the smaller 
specimens it will be noted that a Boa which did not fast for a 
longer period than three weeks, fed on thirty-five occiisions in 
the course of a year. 

The tfible on p. 587 gives a debiiled reconl of the feeding of a 
number of healthy specimens over a i^eriod of one year. 
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4.‘). Conirihiitioiis to (lio Anatomy and Systomalic Arraii^o- 
nient. ot‘ tho (V.^toidoa. By Fuaxk E. Beddakd, M.A., 
D.Sc., F.R.S., F.Z.S., Prosector to the Society. 

rUfc<*i\«I Oi toiMT I, lOln; Read 0(;t<»lK*r 2r», 1915.1 

(^rext-li^ures J - i \.) 

X V J11. ()x 7’ AW fA srnt r/iin \ is ( Ba nr) n.v) an o 

Alliko KoftMS. 

fviiKV. 

lutnwlnctoi'.v 5*»9 

I)escn}iti(»n of hnmintn s]i. 590 

T have in iny possession a oonsideruhle nuniher of examples of 
H (fVstode from tlie O.sirirdi »S7/*//7/r/o whieli ai‘e either 

identical with Tttiim strathionis of Barona*^, or Iielong to a 
closely allied speides. The description ^iven hy J*arona is not 
rpiite siitlicient to eiiahle the identity of his species and mine 
to l>e (‘stahlisiied hevond donht. But it is at least clear, as 1 
shall i»oint out presently, l>y coinparni;^ the facts of structure 
<»ne hy rme, that the species di^scrii)ed hy Barona, and tiiat to he 
descrilua! here hy myself are not to he reterred to tlie speei«\s 
descrihed nnder tlu' same speeifii* name hy \\ Liustow t. 

Althou^li the details j*jv<‘n U\ Barmia art* seanty, they are 
rjnite sutHeient in my opinhm to hn-hid any confusion hetweeii 
his species and that luoit* fidly dt*alt with l»y v. Liustow. My 
chief reasons for re^Ljardiutr them a'^ t \vo distinct species are tlie 
following. Ill the tirst j»lace, v. Idustow's (lestorle was obtained 
ivmn SlrtUhio iiH>hfh(1njthaites\ f infer that Barona ohtaim*d his 
worms from Strt^lhio ranit^ht/i, 'Piie seolex of Twnia strvthloni'i 
of V. Idnstow i.s only 1*18 mm. hroa<l, whih^ the species de.scrihed 
l)y Barona has a stouter seolex f»f ll mm. diaui(*teri. 

“ Kin eigentliche Uostellum ist iiicht vorhanden says 
V. Jiinstow of his sp(*cies, while that rlescrihed hy Barona 
has, accordin;sf to his li^ure, a quite strong rostelluni. ('orre- 
hitcMl with this would appear tt> Iw the feebler diameter of 
the rostellar hooks in the worm from Sfrathio tiiohfhdophannH. 
The width of the proglottids in the two forms also appears to 
differ greatly; in the 'JaMiiid de-scrilMsl hy v. Liustow, the ilianieter 
is hut 4 mm.; while in Barona's specimens the same measure¬ 
ment was from 8 to 9 inin., i, e. quite double tliat of the Hrst- 
named vai*iety. 'Jliis so(mi5<, like the other feature mentioned in 

* Alin. Muh. (’i\. (uMiova, (2rt) ii. 1885, p. 425. 

+ Arcli. Mikr. Aiuit. \liii. 1893, p. I-I-T. 

X Hut see tin* observations ol Zilliiff quoted later (on p. 591) whieli tend to 
reduce the import aure tif this apparent dittenmee, but tlo not attecl what t’olbisvs 
in the above 
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this l>nt*f am»nnt uf iliflemices, to he lunil to re(*oiifilo with 
specilic identity. The account given ])y Parona f)f internal 
stfucturc is so slight that tlie comparison cannot he piu-sued 
further. 

A question of nomenclature thus arises. The name Ttrnia 
sirulhionis first occurs in lliidolpliis Synopsisit is there a 
nometi nuyUitn, hut given on the authoi’ity of Houttuyn in 
MulUu’s edition of Linmeusf. In the earlier work of Riul<»lphil 
the same w'orm (i presume) is named Tmtia strnthtocameli^ and 
is also a ^toinev nadtnn^ and again I'eferred to Houttuyn in 
Midler’s L«nmeus§. I am indebted to Mr. C. Davies Shei horn 
for kindly informing me that Houttuyn himself || does not refer 
to the ostrich at all in his wta-k, though ’J’auiias are mentionetl. 
Jt is thus eiToneous to tei*iu the sjiecies TiPnitt or 

Tirnia Mniihiocnm(‘]i Houttuyn. 

Jn Muller’s work there is no name given at all; the occurrence 
of a Tiipnla in th(3 ostrich being merely mentioned. ’I'hus if a 
nomen nmhnn has any claim at all to he admitted, the species is 
to he referr(*d to lludolphi and is to he calhsl T<eni(t ttlrnlhio- 
rameh\ since the earlier of the t>\o works hy that author which 
mentioti the sj»ecies calls it hy that name. Dicsing^ , how¬ 
ever, quoting both Muller ami Kudolphi’s two works, terms the 
species Ttrnla strathionis. hut again as a 'nomen nndnm. The 
earliest actual desciiption therefore of a Tnn'm from Sirnthio is 
that of Parona alrt‘a<ly referred to. We may perha]is s}\fcly 
accept his name, since it is nc^joiupuiied hy a description though 
not a conclusixe (Uie. J shall have to return again to t his nwU.ttu* 
in conshlering the species t<» which it seiuns necessary to refer 
the worms which I now* describe. 

The scole.r of the worm whi<di forms the subject of the ]uesent 
communication is a little <uer 1 mm. in hreailth in the two or 
three examples in which 1 measured it, Th(‘ region of greatest 
breadth is opposite to the suckers; hut the breadth was not 
increaseil by the extrusion of the latter. The suckers lay within 
the contour of the sc-olex. It is clear therehue that this s[>ecies 
has a less robust scolex than Parona’.s Tten ia strath ion is. Hut 
while the a<*tual measurements of the scoh^x of my species agree 
nu)re witli those of the worms descrihwl by v. laustow' as Ttenla 
strnlhionis, my spech^s shows a scolex with a well-developed 
rostelium, thus <lisagreeing w’ith v. JJustow’s worms ami so far 
agreeing with that desrril>ed hy Parona. I'bis is very twident 
from the figure given hv i^irona **, w here the hardly extrmled 
rostelium is plainly exhihite<1. Parona doeN not. state the nnmhtT 

* Kiitoy. MAtit. 1810, p. 17.‘1. 

t bitu)i*>s Natiirffoschicht^ voii P. L, S. Miilln', Tli. \i. IM. ii. p, W4. 

+ Knhiz. Nat. 1810, ii. 2(H). 

§ It in to h<* noted that tin* initials of XlUlIcr are as htan*il liere. He ia i*ef6iTed 
o as ** 8t. Mnller ” la Rudolphi, mid “ H. Miiller ” lij' Hiesitiif. 

1 1 Nntuiirlyki* Historie, vol. i. pt. 14, 1770. 

Systetiiu Helm Hit hum. i, 1850, p. 555. 

Parona, lov. cif. pi. \i. lig:. 2. 
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of hooks present on the rostelluin; v. Linstow ^ives the nnnih(*r 
fonn<l hy himself as 180. 1 liiul in igy .spwics something; 

between 120 and l.*10. These hooks are, as in other Darainm, of 
the well-known haminer-shjq^e so eharacterisl ie of tlie family 
T)avainei<la*. 

The hooks reall}' form two coneenirio rows, which arran;;e- 
inent is only <*lear in stH*tions which pass thron^di the “handle'* 
part of the hook; tlmt tliey are of differerit siz(‘S is only shown 
in the “ head" of the hammer, when*, one series is iniudi shorter 
than the other; I could find no such ditt'crence in thi<‘k!M*ss in 
the “harnlh;’’ re|;ion of the hooks. An alternation between 
larger and smaller hooks is stated by I’arona to occur in his 
species. The h(»oks rireof course implanted n[»on the ed^e of the 
circnlar rost(*llnm. Tlwiy are of the nsual ^n»lden-hrowii colour. 
Von Linstow has rej>resonted the hooks of his examples, cmIUmI 
by him Ttfitia s/nfi/iloiiis, as hein^ weak ami fiayed out at the 
point of implantation. I Irive found nothin*^ of tin* kind in the 
robust (thoii«rh small) hooks of the exann)les ex'aiiiiimd l>y 
myself. 

My owMi observations are in fact nn)re in ac(‘oi‘d with those of a 
Inter investi^^ator than thow* inferred to. Dr. Zillnfl**, refcn iiijy; 
only to V, Linstow's paper and not to that of Parona, naturally 
finds diilerenccs to r<*coid (“naturally*’ if J am correct in 
thinkiii'j that v. liinstow's specimens are of another species than 
that whi<*h Parona and I describe). IL* (*niphasi/.es the rostellnm 
and ^ives the <liaineter (if tin* scoh‘X as mnn, t.ht^ dimensions 

a^roein^jf with mine ratln*r than with Parona’s. Ihit this author 
does not mention from w’hat species of Sirift/n'o he obtained the 
material. 

'riu* suf'h'rft are not arnn*d, as is the case in certain otln*r 
nn»mbers of the irenns, a ijreal part <if the ?specn*s of wdiich have 
armeil suckers, J helie^e that I ean state this fact positively. 
Excejitiiii^ where the retractor musch*s aie attached to the 
snck»*rs, the latt(*r lie for the most part free within the cavity of 
the Rcolex txj which tln*y are fitte<l, ;\ .space is irenerally visible 
hetvveen .sucker and hody-wall, Althontrh theie is no apparent 
difference that I coiihl det<*ct between the iinliv idnal snckei's, I 
have noted in thi.s vvoi-m n means of distmgnishiiijLr tin* d»»r.sal 
from the v't'utral con}»le. '^I’ln* two dors.al vessels, instead of 
ending in the medullary r4»;xion like ttn* ventral vessels of the 
water-vascular .sy.stcm, bend <lor.s»illy, each f»f them perforating 
the layer of longitudinal muscles of the cort(*x ends in the 
neighbourhood of one of tin* snekers. ’^I'lie exact mode of endiny^ 

1 did not a.scertain. It is therefoje ])o.ssible to distinguish two 
of the suckers as helonpn^to thedoi>al suifa<*e. The characters 
of the mu.scnlatnre of the .scolex 1 .shall deal with later in 

♦ “ V(m'^Umc‘1u>iu 1«' Stmlicn iilun* dir Miuskiilnlui* .Skolr\ cirr 
Inaujr.-Pbs. Pniv. Zuiirb, 191*2, (PuMislird hUo in Auh. f. Xatnrfj:. <»f tin* snuu- 
yt'ar.) See also Liiliu iu Zt>ol. An/.. x\ii. 1H9I. l>. 2Mi. 
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connection with the general arrangement of the muscles of the 
body. 

Yon Linstow particularly mentions that in the species studied 
by himself, the anterior part of the. body is devoid of cakuireous 
bodies. In the specimens which I have examined by sections/ 
the ca.l(5a.reoiis bodies are peculiarly numerous anteriorly, and 
especially in the scolex, where they form in ])art.s closely aggre¬ 
gated masses as is shown in the accompanying sketch (text-fig. 1). 

Text-figure 1. 


,h. 



m. 

Loi)ptudiiiti.l tlii'ou^li ‘«rolrv. 


cti. I'ulc-avcoiis lu)dii>N. h. Hooks k«*u in transverse seetion tlirou^li “root.” 
wi. Muscles of rostellum eiuliii}!: alant* i)i rostelliim. a. Sucker, 
wn-e. Water-vascular tulnss. 


I need not descrilxj their distribution in the scolex exactly, for 
they occur everywhere between the outer skin and the suckers 
and rostelhim, except, however, among the muscle-fibres of the 
longitudinal muscular layer. Further back in the neck region 
the medulla is largely occupied by masses of calcareous bodies 
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vvliicli are generally speaking very abuinlant in lliis speeies, so 
inneh so tliat 1 sliould be iiwlinocl 1o add tbe abundance of these 
bodies to any ilefinition of tlie species. 'J’his is another reason 
for refusing to accejit tbe identity of the worms from Struihio 
vtasaitiifi with tliose from Stndhio lunliflKh^phanes, 

The geneial shape of the body of this worm is as figurejl by 
J\‘ironM. The anterior region of the body is slender; it is much 
wider posteiiorly, but not by any nutans so vxiilt* as in the speeh‘s 


Text-figure 2. 



Pjirl of a traiis\t'rM‘ section through a |»rogU)ltnl in .iiitciior ugion o! ho(l>. 
Cuticle. X| & iyj, Liiyers* ot longitmlinal niUM le". T, Tnui*'M'VN(' 

UlUhClcs. 


described by Parona. 1 found 5 nmi. to be the greatest diameter 
of the posterior proglottids. They are overlajiping, and as a 
rule so contracted as to be inucli wider than long. In a few cases 
tlio proglottbls were, bowex^er, more expanded, but xvere nev<*r 
actually longer than broad. The worms reach a length of perhaps 
nine or ten inches. 

The cortical layer is deep, the diameter being greater ilian 
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that of the medullary layer. This is paHicularly marked in the 
anterior segments, where the i*eprodactive organs are only just 
beginning to appear. The loiigiindltml ma«ch-layer presents 
definite diameters in the armngement of its fibres, as is general 
among C(\stodes. It is not usual to find acciiratts figures of the 
course of these fibres, which are constantly of systematic im- 
portfiiice. I tlierefore attempt to reproduce here such accui’ate 
drawings. 

At the base of the rostelluin the longitudinal niuscies lie in a 
continuous circuhu- layer, in which form they are inijilanteil upon 
the rostelluin. A little further back, at the level of the suckers, 
the layer of muscles is markedly divided up into sepamte bundles 
whicli ai*e of diliereiit .sizes. There are 12 or of these 
separate bundles which are more 4»r less coinjiletely separated. 
In the neck, wdiich immediately fcdlows upon the scolex, the 
bundles cease to exist as separate structures except at the two 
sides opposite to the water-vascular tubes. The unsegmented or 
neck region in this worm is very slioH and, as in tlie other 
examples ascribed to the species Ttmia strutkiouis vel 1\ siruthlo- 
caiveli, it may fairly l>e remarked that a neek can liardly he said 
to be present. Further back—hut still in the anterior legion 
of the lusly, where the gonads and their ducts are still only 
recognizable as a mass of condensed nuclei—the longitudinal 
muscular layer has more or less acquired its definitive ainnige- 
inent. It is hei*e (text-fig, 2) divisible into two quite distinct 
sheets. That nearest to the medulla consists of a. row' of 
bundles each c?onsisting of a good number of indivhliial iihres 
w’hich are packed close togetlier and separated by v ertical fibre's 
forming a divhling palisade. Above tins is a veiy <listinct> sjmee 
dividing the lower layer from the upper. 'J’his space is formed 
of ground-tissue, and there is no tnive therein that J could 
discovei' of transverse^muscle-fibres. Oji the oub^r side of this 
space is a layer of smaller bundles, i. e. each humlle consisting 
of comparatively few fibres, and above this again, without any 
marked interval, a ceiliain number of single muscle-fibres, which 
cx)mplex reaches some way towards the subc^iticulnr layer. In¬ 
side the wliole longitudinal layer of muscU’s is a thin layer of 
transverse fibres separating these in the usual way from the 
medulla. Furtlier bimk in the body the same an*ang(‘ment 
exists, but it is not so clcfir cut as anteriorly. That is to say, 
the two layers of the longitudinal sheet aie (|uite recognizable, 
but they are not so markedly divided from each other. This is 
shown in text-fig. 3. 

Besides the sheets of iiiusele mentioned so far, the worm has, 
like most other Cestodes, a dorso-venti-al system. 1 have ab*eady 
s{>oken of dorso-ventral fibres running between the bundles of 
the longitudinal coat. In addition to these the medvdla is 
traversed l)y single fibres which ci*oss it at right angles to its 
long diameter, and are numerous, dividing the medulla into quite 
namiw segments when seen in transverse sections. 
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Tlie water-macular tabea of this worm present no roniarkable 
ckaracters. The iniioli larger ventral vessel is alone present in 
the posterior segments. Anteriorly both tubes are visible ami 
superposed. The transverse trunks unite the ventrals in each 
segment. The usual valvular Haps in the ventral vessel ai*e 
obvdous and attached, as usual (but not universal), lo tlu* inm‘r 
wall of that tube. 

're.\t-Hgure .*1. 



I'art ot a a proglottid iii tla^ jfosti'Mor of 

tla* lMfd\. 

lAdlmnu as in trvt-lii;. “d. 


The Utah awl frmalr pjl't't'f'ui duvla open into a cloaca genitalis 
which is not specially deep. 'I’he genital pores are completely 
unilateral in this sjiecies, and s(»nievvhati anterior in position, at 
any rate in front of the iiiid<lle line of the lateral bor<ler. I have 
found so many orifices in succession oi)ening on to one side 
of the body, tliat I cannot- believe that the eondilions are for 
instance as in Ckajnuaukt iaaricoUins where the orifices really 
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are alternate, though many open KticceKsively on to one niile. 
All the pores that 1 found were on the same side of the body. 
The cirrus-sac is conipaititively short *, ns in many species of 
JJavaiuea, hut not in all. It only just readies the nerve-cord. 
It opens into the dcvica genitalis in front of and to one side of 
the vagina. The exact shape of the cirrus-sac has been carefully 
described in many Cestodes by many writers, and thus specidc 
distinctions have been partly based upon its ebaracters. The 
cirrus-sac of the present species shows tliat care must be taken 
in such descriptions. For 1 liiid coTisiderable <lifferenoes Vietween 
t.ho cirrus-sac in diffei'ent st*gments, a stiite of a Hairs to ho 
accounted for no doiiht by varying contraction of its muscular 
walls. 


Text-ligure 4. 



C. 


lion^itndinHl section tliroiig:ii cirnis-snc (r.). 
n. Nen e-cord. «. Orifice of genital cloftcit. v, Veginti. r.tf. Vus deferens. 

More usually }ierha,ps the cirrus-sac has the appearance repre¬ 
sented in text-figure 4, which is drawn from a liorizoiital 
section through a more anterior segment. The cirrus-sac opens 
directly into the cloaca genitalis, and is of the same charactei' 
and of pretty well the same diameter througliout. The walls are 
muscular but not thick ; nor are they thicker in one region than 
in another. Thevas deferens perforates the muscular coat at the 
extremity of the sac fairly exactly in the middle line, and is 

* In cxlMidcd i)rc»glottidti tlu> «irru6-N8C lies obliquely, being directed forwards. 
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coiled within tlie sac. The cirrus, witli which it is coiititiiious, 
appears to run a straiglit course and not to be coiled, since it is 
shorter than tlie cirrus-sac. In some ])osterior segments the 
cirrus sac presented a di fie rent appearance.. Tlie peripheral and 
grtuiter part of the cirrus-sac is tlnckei'-vvalled than a terminal 
rather s[)lierical and wider region into wliich opens the vas 
deferens. 

The cirrus-sac is ensheathed exteiajally by a layer of rather 
large nucleat(Ml Jiyaline cells, a not unusual clun-acter. 

Did these two forms of the cirrus-sac occur in difierent 
individuals, one would he tempt(^d U) see in them a. specilic 
diliereiHre. 

The ras pi*es('nts an extensive coil after it issues 

from the cirrus-sae. This occupies quite one-third of the dia¬ 
meter of the segment, when thc^ latter is stretched latcaaily. 
The coils are at h^ast niaiuly d<n*so-ventiul in «Urecti(»ii, since in 
horizontal sections the speum duct apj)eai’s a series of circular 
tiansversely cut areas. 

The ratjina lias a straight or at most sliglitly sinuous course 
hack to rather hey()nd the water-vascular tube -this section 
being thick-walled with a narrow lumen as in so many other 
OestiMles. A little way to the inside of the water-vascular tube 
the vagina narrows into an <‘xcvssively line hore, though with 
eipially thick muscular walls at first. This slender region is 
coiled on the horizontal plane, li opens into the rec(q)ta.culuni 
siMuinis, which is rathei’ j>ear-sha}ied. ^Phis and the s\icceeding 
portion of the vagina is not thick-nailed hut has a wider lumen, 
ICS's of course in the case of the v%*igina. Althougii the proglottids, 
in which t.Jic vagina and its subdivisions had the (;haract(*rs that 
h.ive just been mentioned, were not fully mature, at any ra.te as 
far as concerns the t(^st^^s and sperm-duct, the rect*j)taculnm 
ermtained spei’inatozoa. It is necessary to point out that tln*re 
is nothing to he specially r(‘mark<Ml u]H>n in the siriictnre of the 
female efferent duct, which is cnmstructed ujxm the plan usual 
in tapeworms. It is imj)orta.nt, lu»wever, to be accurate, since 
there are minor diHereniNvs to be noted wbich aflect even the 
diiferent sjiecies of Danihtea. 

Without attemptijig any genenil rtsfthie foi* comparative 
]>urposes, 1 may direct attention to one or two species which 
differ from that now under consideration in these matters, in 
]). sphf^eotJtfiridlft of Johnston there is aj>parently no distinct 
receptaculnm seminis at all. Jn />. rorriaa Fnhrinann t the 
position of tlie reeeptacidum is dillereiit, heginning as it do(\s 
ft) the outside of the water-vascular tube. In J). polt/ca/cfola t 
the small receptaculnm is <‘lose to the o\arv. It is of further 
importance to note the age of tlie proglottid when gix ing the 

* T. Harvey Johnston, ‘'Second Keport on the Cestoda and AcantluK'ephala 
collected in (irwMdand." Ann. Trop. Mtnl. I’nrasit. iii. liUl, p. 1U7. 

t Abh. Sfiick. Nat. ties. \\\iv. IWll, p. 252, tij?. 3. 

X V, Janicki, “ irebcr iieue Arteii.... Ar*‘h. de I’araMt. \i. 

IVKKS, p. 265, o. 
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characters of tlie vaginal complex. The above description of 
that of “ iJavainea struthiimis relates to not fully mature pio- 
glottids. In fully mature proglottids the conditions observable 
are a little changed, . 

The female duct (see text-fig. 5) from the receptacnlnm seminis 
IVxt-figme 5. 



r.«. Kecpptac'ulmn semiiia. v , ri PiomiuhI mid distul < iidt> oi vagina 
v,d, Vas defeioiis. 


to its median end is gorge<l with sperm, and thus presents the 
oi)pearance of an elongated receptaciilum such as that i*eferred 
to above in Davaima corviita. And, moi*eo\er, there is this 
fuither resemblance, that the vagina is pressed by its inci'easing 
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contents up to tlH» lUrUijin ot the walei \ isculai tube, occisioiuillv 
ciiini))lin£' up th^* lattei I»»»h)iei 1 Nt \ ei theh ss, the inoie dilate*! 
legion IS still (listin^nisliable ns the tine iecejit icniurn seniinis 
It IS evnlent, theiefoie, tint the ditlii i( nn s ippiienlh shown 
between sp(*cies in tlu* sn^ina must be Inndlnl with cue I 
mny a<!d tint in tidh nntuie pioy^hittids tin* Nairini .i])Jm ns 
to be crtutinued onw nds bexond its pmction with the othei 
tubis ot the leiniU s^sttm Tins nn\ be nu n lx \ buist 
tlioii^h in some ( ises it Ins i tiibulai (Iniutn. It is luie, 
I (issume, th.it ti i till/it ion onuis 


Text fifruie b. 



O. 

Kipt (i\ I (111 f sill III < i| «.ul( 


« t ip>»ul( (oiituiiiiu n\inn I’lit >t I with ■'iinu f K< tn i ii'o 

ot I ti sti s (io'ki 1 > 111 t (iip«'uh till iiiuhi 111 the w ilK ot whidi 

IK upiiMiitiil 

MMie tftntf*s in the »*( nus is ncMi i I'onspu uoiis 

stiiKtuie ,iud niMM, wlun it exists dots it peisist lonir. It is 
howiw ei, too miu h to sax as does linisom ^ that .i delinite 
tuiKtioinl lit* 1 us is not dtxelop(*<l ’ Koi in /> autenois Kuhi 
111.11111+ has di'siiibed a uteius with .i lining; ot nils .ind ton 
tninin^ iipe o\a, wInch utei us, hoxxexei, i ijudlx disippens Thi» 
wune appeals to be the cise with />. hik rou'olfcnta and />. co) t tna, 

* ‘ Th( IVnoai C<**to»hs of Noith Vimm in IhnK Ihill Is Nit Mu** 
No m niiyi, p 11 

t Nuxu (iiuiKa, \ol* IX /oolojui Livt «) p ll>0 
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where the same author* remarks upon the mrity of observations 
upon the uterus of tViis genus. I lind in the species with which 
1 am liere concerned very definite beginnings of a uterus, in 
which, however, I have not seen a large and cx)ntinuous cavity. 
Tins consists in horizontal sections through proglottids, which 
are not fully mature but in which nevertheless the roceptaciila 
serninis are full of sperm, of a wide stretch of condenseil medul¬ 
lary tissue. This structure appears to me to be exactly like 
the commencing uterus of some other Oestoilest- It lies in 
front of the ovary and shell-gland, but behind the receptaculum 
serninis and vas deferens, occupying thus jihout the whlth of 
t.he segment. It extends to a considerable tlistance right and 
left. The string of tissue representing the uterus is mainly to 
be differentiated from the surrounding medulla by its crowded 
nuclei. It is not solid but contains tiumerous cavities of various 
sizes. Some of these were filled with cells which may well he 
egg-cells. These cavities are at least frequently of the same size 
and shape as the oval intei'stices of the medullary mesh work. 
Later the proglottids (see text-fig. 6) are full of embiyos each 
in its own separate cavity. 

Tlie following assemblage of characters are perhaps suilicient 
to define this species, to which I shall 1)6 unable to give a name 
with absolute certainty that it re<parcs a new one. It will l>e 
hotter thei’efore to leave this matter unsettled foi‘ the prcsiMit, 

Ihfinilion (^I)avainea pvurasitic in IStruthio masaicns. 

Length 10-14 inches; greatest dianmter of proglottids 5 mm, 
Scdex 1*2 mvi, diaimter^ with doubk row of l.’h) hooks in tdl: 
sackei*8 unarmed. jSoolex ami aiUerior jMirt of the body abound 
tnith calcareous corpuscles^ udiieh also occur posteriorly. So twck 
•present. Segments of body not longer tfuin broad ; rij>e seyments 
not moniliforrn. Genital pores unilateral. Cirrus-sac reaching 
to nerve-coni. Din'sal water-vessel absent from, posterior region of 
body. Ora imbedded singly in parenchyma extending into cortex. 

The above will be sufficient pending a revision of the genus t,o 
place the species approximately. 

Gexeual Remarks. 

It is pretty cletir from the foregoing ol)S(»rvations u|K>n the 
external characters and internal structure of this Oestode from 
Struthio masaicus, that it is certainly not to he confounded with 
the 8j:>ecies named by v. Linstow Dcmdnea struthionia^ and which 

* “ Vogoleestoden der Aru-Inseln.*' Aldi. Swick. Nut, Oes. xxxiv. 1911, p. 251, 
A -i, p. 252. 

t Cf, r. ff. I^ddanl in tUc instance of Cfta^mania ianriwUis, 1*. Z. S. 1915 
p. 134, 3. 
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is fi iMiriisito of nnotlier* siil‘s|)i'cio.s of Stmt/ilo, vh. S. otoJt/fuIn 
phaiies. While the ^eiioml iliineusions ami tlie relative sixe of 
the scolex seem to be much the same in v. Linslow’s species arul 
in my own, there an* s<»vpra.l salient featines in which they 
disagree markedly. The scolex of v. Linstow’s worm has no 
rostellum, in tlie species examined myself the rostellnm is 
strong: v. Linstow’s species has no calcareous bodies in th(‘ 
scolex, while my species is jiecidiarly well proxided with these 
bodies: whatevei* may be the interpretaiion of the “ovaries*’ of 
V. Ijinstow in the posterior segments of his species, wliether they 
are really a dix ideil uterus or j»arut(*rine bodies, that (^'stoile 
clearly (lifters from mim* xxh(*r(* the embryos are scatt(*r('d each 
one in a caxity of its oxvn : tinally, if v. Linstoxx's r(*]ir( sentation 
of th(‘ ciriMis sac and the vagina op<‘ning f|nit 4 'sejaratidy jnoxe 
(‘orrei't, there is here* a great dift*eren(‘e from my spiries, xvh(*n‘ 
the relations b(»txveen t hese ducts is (piit(‘ normal. These* facts 
are, as I think, siifticient. to shoxv that there can Iw* no idt*ntity 
betw('(*n the txvo (k'stodes of Strnlhio and StnUhiit 

mol}fhdofihaii (’.s' ^. 

On the other hand, an exact comparison of my sfiecit's with 
that ternu’d 7 \n}iri .sVr//Mnm/.s' by Parona is mon* difticadt. If we 
can trust as diftcrential characters the diameter of the proglottids 
and the size of tin* scoh»x, th(‘n th(‘ txx’o forms an' difteremt. 
1 ’here an» no other data that s<*em to permit of a more definite* 
(‘Xpression of opinion. 

* I lni\o sniru:«st**<l ( 1 *./., s. lai'). p lao) tl».«t \. bin^'tow ^pi'riis inax In 

:i 4 ‘tiiit 1 b ri'IVnitt’ to tiu* genii'. ^ 




UX TtIK AXATCiMV OK /U \ TfdlilXA. 


603 


44. Some Notos ni»oii the Anatomy of Uana tlffr/tia, By 
Geo. K. Nic’holi.s, D.Sc., liitu I’rofosor of Biolooy, 
A^ra (\>ncge, India *. 

I Received October fl, 191f>: Read Ntivember 9, 191.j. 

(Tcxt-figiires 1- 3.) 

In several skeletel nnO otht-r ehnmct.ers, Jfaurt tiifrimi —tlie 
so-ealltMl Hnll-tVe^ of linlia ilithn-.s inarkedly from our common 
European grass or water frogs (A*, teinporaria, A^ eHcuhnta), 
'riiese two frogs, wltieh rcsemhle one another fairlv closely, 
appear to be the otdy species of wliich a detailed description has 
been given, and tigures of one or tlie other alone appear in text¬ 
books all the world ovei*. For the Indian form thes<* tigures ai'e 
in some respects quite misleading, and since this frog is now 
generally used throughout India as a laboratory ty|)e. it has 
setMued <lesirable that atbaition should be ealled totliose featurt*s 
in which A\ ditlers frt)m its Kiiropean cougcuiers. 

1 . The VeHehenl 

In corres[>on<lence, doid)tle.ss, with the much larger si/e of this 
frog, the vertebra* are distinct 1\ more stoutl\ built, than is the 
case in A', ientporarht, 'riie neural arches are, relatively, greatly 
develoiusl antero-posteriorly. Thus, \\lu*n \ie\Ned from above, 
the vertebral column of this s]>ecies tioes md show a series of gaps 
between the arches such as is so clt‘aily seen in A\ ieinporurin 
(cf. Howes, ‘02, fig. 3o), On the contrary, there is, in A\ tl(/rinff, 
a very mai-ked tiverlap of each aivh dorsally upon that immediately 
posttM'ior to it, and accordingly, when the verti*bnc arc in position 
(text-tig. 1), the centr.a are not visible from aboxe. 

Such a condition as this is saiil to be imhriente^ and to 
characterize the Discoglossida* and TVlobatithe (Uoulengt*!’, '97, 
p. 38). (^uicm-ning the Europcjm s]»ecies of itanidte, Houlenger 
points out that precisely tin* oppositt* ct>ntlition prcxails. Ills 
statement maybe (piotcd :—“The neural arch is eitlier closetl 
above . . , or noldietl betwc‘en the zygapophyst's so as to expose 
the spinal coni between t*very two verlt'bnc; the latter type is 
most marked in Hand, in xxhicli, tlie lateral openings for the exit 
of the sjiinal nervu's being also of large the vertebral column 
forms an ojien-work abo\e and on the sides.** 

While this “ open-work *’ vertebral column is seen typically in 
the European Ranida*, it is also found in most of the other 
Anura, so that Boulenger notes this as one of the characters 
which separate the Rnfonidie ami Kylida^ from the more 
generalized Arcifeni, In this iinhricate comlition of the 


* Counuuiiicutetl In J*rof. A«Tnru Drvuy, D.Sr.. P.ll.S,. F.Z.S. 
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vertebral column it would appear, then, thtit Uana ttgrina has 
retained (or reverted to) a somewlmt primitive condition. 


Text-figure 1. 



"Hie vprt<*l»ral coUunii of Rana eit/rha, uk kc(m> from aUovi*. X 

n|»ort«rc for Jihtm temiimh ; <?,, coccyx ; e/)., cpipliyfiiK; /, flange ujwn 
the tranBVcrw process of the seconfl vertebra, ll.t.p. 

It does not seem, however, that the occurrence of gaps 
l)etweeri the neumj arclies in J{, Umporaria is to be attributed 
mnply to a notching of the arches between the zygapophyses. 
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A comparison of the neural arch of a typical («. g, sixth) 
vertebra of the f^rasK-frog with that of the corresponding 
vertebra of /?. tigrhta or of VelohntdH will, I think, ban* 

out this statement (text-fig. 2, A -C). 

In all three cases it will be seen that there is an incisure upon 
the anterior face of the neural arch b(*tween tlie zygapophyses. 
In the Bnlhfrog and in Pelohaten this incisure is a dt‘ep one, 
whereas in//. it is broad hut coinj)arati\ely sliallow. 

Upon its posteriAr border the arch is practically not incised at all 
in H. temporaria^ and is most deeply notched in VvlohaiPHy the 
condition of It, ihjrhm being iiiterniediate in this respect, 

^Vxt-iiguie 2. 




TUo «ixth vprt<*l»ra of (A) Han't tiffrinn (X ?i). (li) U. fempornrin, (0) Peln- 
bat(‘ttJ^tisriig (both X »‘i), to show th«' rfhitivo ot incisun* of the neural 

ttrchcA iiiul the (U‘vc\>rtiieiit <if tlie neural hpiiies in the three hpecMen. (o) l>orsul, 
(A) ventral, and (e) posttn’ior view. 

In Pf^lohatpn and in /?. ilgrina^ however, ///« certfnim has 
practically the name length as the ncaraf arrh, wboreaK in It, tern- 
poraria tlu5 centrum is, approximately, halt as long again as the 
neural arch. When the vortehiw are articulated in t.he normal 
manner, therefore, the neural arches do not come into contact in 
this species, excepting at the zygtipophyses, notwithstanding that 
some of the surplus length of the centrum has been absorbed in 
the concAvity of the following centrum. In tlie case of A\ tigrbm 
(and Pclchatcs) the neural arch is sufficiently long to allow of 
considerable overlap upon the succeeding neural at'ch. 

Neural spines, too, are well develope<l (text-figs, 1, 2), This 
Paoc. Zool, Soc.~1915, No. XLIl. 42 . 
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18 especially marked iu the anterior vertebne of the column^ 
where the hinder end of a neural spine may extend backwards 
upon the ensuing vertebra almost to the level of the notch 
between its post^zygapophyses (cf, text-fig. 1). Posteriorly the 
spines l)6come Rhoi*ter, though still well developed. Thus, uj>ou 
the seventh vertebra the neural spine extends but little beyond 
the posterior margin of the neuiul arch ; in the eighth it is 
iK^arly veHical, and in the ninth the spine is slightly foi*wardly 
directed, so that its a|>6x approiiches very closelV to that of the 
preceding vei*tebra. Jn this development of neiirnl spines 
/s', fiprina is remaikable, for of European Anura Boulenger has 
remarked: “Neural spines are absiad or represented by a low 
keel, which is niucli prolonged posteriorly in DincoylohHHs and 
Pelohatps ” (op. cit. p. 38), 

The intervertebral tornmina in the Indian Hull-frog are, 
relatively, eonsiderably smaller thou are the corresponding 
nerve-exits in temporana^ and the column lias, therefore, not 
at all the open-work structure which is so chnnictt^ristic of our 
European frogs. 

Moreover, the cartilaginous epiphyses found upon the distal 
ends of the transvoi*se processes are |wirticularly iiotitv^able in 
R.tlgrina, Upon the third vei*tehra (c/*. text fig. 1) these ai(» 
very large indeed, and backwardly diiected, recalling strongly 
tlie condition figured by Houlenger tor Pdobates fmntH loi). cit, 
fig. 75). 

Tlie transverse processes also are, relatively, imudi longer than 
are the corresponding structures iu 7?. Umporarift, but in this 
resjiect the condition of P, eactdenta is closer to that ()f the 
Indian species. 

Apart from these genoialities, there are notable difterences to 
1 m^ observed iu the second, eightli, and ninth \ei1.ebrtt* of the two 
species. # 

Jn the second vertebra of H, tirprina there is developed a very 
)>ronouiiced flange-like projection upon the anterior border of the 
transverse process (text-fig. 1,/.). This varieb somewhat in size, 
but becomes very marked indeed! in some specimens. Tt servos, 
apparently, for the attachment of tlie Aim. intertranavermrii 
capitis^ which have their insertion u]:K)n the base of the skull, 
slightly lateral to the condyles. The comjilete absence of this 
flange from the European Banidee is (loiibtless to be attribut<»d to 
the much slighter development of those imistdes in these more 
slightly built frogs. 

In the eighth vertebm, the ti'ansverse processes are as long as, 
and rather stouter than, the diapophyses of the tiiree preceding 
vertebrae. They are peculiar, in the normal vertebral column of 
H. tigrinUf in that alone of all the transverse processes they are 
sloped slightly forwardly (con/. Howes, *02, fig. 35, with my text- 
fig. 1). The well-develop^ neural spine rises almost vertically. 

In the ninth vertebra, the transverse processes should be 
described aa slightly conical (with the base of the cone distal) 
mther than as cylindrical, which latter sliape is,,said to he 
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characteristic of these stinctiires in the Ranidse. In some 
specimens 1 have observe<l a flattening even of the distal 
extremity of the djiipophysis, whicdi, too, is sometimes U) he 
noticed in the immatui'e Ranu temporaria. The neural spine is 
somewhat variably developed, but is always repi'esented by nt 
least a slight elevation in the mid-dorsal line. F^*om this a pair 
of distinct ridges diverge. Those pass outwards and backwards 
onto the dorso-{K)Kterior face of the transverse processes, but fade 
out befoitj reaching the distal end. 

The coccyx, too, in R, tigrina differs from that of R, tmnpo- 
raria or of R, eHcide7tta in that the paired foramina whicii, in 
these European species, permit of the exit of the tentli pair of 
spinal nerves are very fx’etjuently absent from the Jiidian species. 
When, however, tlley do occur, they are generally very minute 
indeed, and not. unconimoiily, upon one side or both, this 
external ojieiiiiig Uuids only into a blindly ending canal. As an 
infrequent variation, s|MH*imens are seen in which there may he 
two apertures upon one side. In such cases only the up[)er 
canal a.p))ears to lm^‘e open communication with thf3 \ertelual 
canal. Such a condition is figured in my account of the Anuran 
coccyx (’15, lig. 1 />, x., xi.). 

Jt is probable tha.t we have h(»re the last vestige of an apertnr<» 
for the lost elevtuith spinal ner\v..sucli as is still found occashuially 
ill the more primitive Aniira. 

From the foramen of the tenth nerve, when present, there 
runs backwards ami upwards a slight groove wdiich is often 
several millimetres in length. 

Of a total of .*12 coccygi*.s examined, only four (12| per 04?ni.) 
showed a pair of canals for spinal x.. and, of these, the ojieiiiiigs 
in three wert? very small. Jn five other sjiecimens a pair of 
extremely minute external aperl.ures were found, hut on neither 
side of three of these was there a clear passiige for the finest 
hair. The remaining two permitted the passitge of a very fine 
hair on one side only. 

In other specimens a single aperture only was found, hut 
ill only two cases was I able to pass a hair into the vertehivil 
canal. Ju the remaining five specimens the canal aiipareiitly 
ended blindly internally. 

Thirteen coi?cyges (40 per cent.), imdiiding four specimens in 
which the vertebml column wm abnormal in other w^ays, showed 
a complete absence of the foniiiiiiia on hotli .sides. 

T/u*ee specimens exhibited twu) minute ajiertures on one side 
and a single apertui^e only upon the other. Of these, in one 
specimen all the tuinals emled blindly, and of the remaining two 
each had a single canal on that side u^)ou which there \vei*e two 
apertures. 

In the tv^elve asymmetrical cases the canal (or aperture) 
occurred in eight cases upon the right side and in four upon 
tlie left. 

It a liMe difficult to decide what is to he regarde<l as the 
normal eondltton of the coccyx hi R. t-fgrwa. It is probably 

’ 42* 
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correct to say that in the great majority of the individtialjR of 
thin spo<*i6ct, the paired foramina for the tenth spinal nerves are 
alwent or impeifect. 

The Shwilder-Girdle and Stemvm, 

Tlie shoulder-girdle of Ji, tigrina (toxi-fiig. 3) is very stoutly 
built and, in genenil, reseinhies the eoiiditioii of the cwrespoiuling 
structure in 7»*. ettcidenta. 


Text-figure 3. 



The 8hottl(lc'r-;:;inlic uiid Sternum of Rana tigrina (nat. aiae). 

(A) Ventral view, and (B) dorsal view. In the latter the supin-scapula is removed 
upon the right aide. 

cL, clavicle; m., metaaterpum; a., omosteniuni; r.co., Ixo,^ right and left 
coracoids; sci^piUa. 

In one particular, however, viz.> in the arrangement of the 
coracoids, it presents a condition which has not, 1 believe, been 
lecoiNled in any of the jPirmistemia. 
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The coracoids, while having the normal shape and transveifse 
position, do KWt meet in a median epicoracoidal cartilage hut 
overlap each other in the mAdMe line. At first sight it appears 
that there Ls merely an uneven suture, such as is seen between 
the epicoraooid cartilages of an immature Rama tewporaria^ but 
a closer examination reveals the existence of a definite overlap 
{ff, text-fig. ;i). 

It differs from the overlap of the arciferous condition in that 
the epiconicoidal cartilage is completely ealcifit^d in tho adult 
and that the coracoid comes, at its antei’o-mf‘sial border, into 
contact with the clavicle upon the ventral surface. There is, I 
Ixilieve, synostosis between the two coracoitls, for there appears 
to be no freedom of movement, 

'rhe direction of the overlap, in tho specimen figured, resembles 
that prevailing in the Arcifeia, the right corucoid lying ventnd to 
the left, but the opposite condition is met with not intrequently 

Dorsally the pre-coracoid cartilage is seen. Jt appears to be 
calcified, and separates, somewhat widely, the clavicle from the 
coracoid. 

Tlie bony style of the omosterniim is also peculiar (amongst 
Jlanidic) in being bifid posterioily. The diverging processes 
meet corr(‘S[Kuiding elevations upon the clavicles, and the small 
spjute between the three bones is filled, in life, by a delicate 
membrane. 

The Tenth Spinal Xerve, 

Correlated with the minute size, or the absence, of the foramina 
in the c<H'cyx, the tenth pair of spinal aei’ves are, in Uatia tigrina^ 
either extremel}’^ delicate i»r, more often, altogether absent. 
Wlien present, they seem invariably to pass dorsidly from their 
exits, lying in that small groove in the coccyx, to which reference 
has been made. In this disposition, therefore, this nerve diflers 
considerably from the corres^ionding structure in R, temporarin, 
in which it pixsses ventrally after leaving its foramen. Jn the 
Bull-frog tho ntu've, even if pi^esent, is hidden from view in a 
dissection niH.de, in the usual inamier, from the ventral surface. 
It n«‘ver, in this species, 1 believe, niiikes any contribution to 
the sciatic plexus, nor liave I been able to demonstrate any 
sympathetic ganglion related to it. 

JAteratnre. 

’ll. Hbouard, F, E.—“Contributions to the Anatomy of the 
Anura.'’ Proc. Zool. 8oc, 1911, p. 39;b 
*97. Boulbnoeh, G. A.—The I'ailless Batrachians of Europe. 

Vol. 1. Bay Society. 1897. 

’09. Howes, G. B.-- An Atlas of Zootomy, liondon, 1902. 
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* Boildaul ('ll, ]), 390) lias pointed out that ^ariuiiou iu this armiigtiticnt ibab .0 
uoCHHiouaUy cacouuteml in 
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45. A List of tlm Snakes of Kash Africa, North of the 
Zuinhesi and South of the Soudan iukJ Somaliland, 
and of Nyassaland. By G. A. Boulengkii, F.U.S., 
F.Z.S.* 

Uctohor 1-, 1015. Knid N<i\(iul)oi 25, 1016.J 
(Text li^'iires 1 .* 1 .) 


(iroMUIMlU 41. ' PjljfO 

KjhI Atucn, lii^t ot Snakos till 

S\aif:Min( : 

Keys to the idetitiiieutioii of the Siiuk<*s of East Africa (511 


Tlii.s list is the thinl of a serums published in Ilu*,se ‘l*ro- 
eeedin^.s’+, an<l the reader is referred to (he tirst for an 
ev])lana(ion of the method and se4>pe of this aid to the identi- 
lieation of African Siiak4*s. It is c(»nveiiient to reproduce here 
\t-ti^ures J Sl 2 fr<mi the first paper, as a ^lossaiy to the terms 
used in tlie ke\s to tin* ^^eiiera and species. 


Si/HOftfds of the Faniilieti, 

1. Wniindiko, 44tth siiiall intonor mouth, hiddi'ti or \ isihltMiiidfi'ilu* heail- 
hhichK, and hmijr ooMMod \iith uintoiiii imhncato s<ah>s ,ii>o\o and heu4‘ath. 

\H scidea oi more nuiinl middle ot ImmU ; <H’ular iu>t honli'mi^ tlu* 

month ; tail not oi hut little lotipia thiiii hioad 'I'm'!!! orii) r. 

11 s(*uU‘^ round middh* ot bod,) Gj ai i oMia i. 

11. Mouth lar,'!*, 4'.\ vs 4'\])OM*d ; IxMly uith enhtYu:ed shudds heneuth (4‘\e(‘|)t in tho 
nuirm4* p:4*mi'» 

Vontnil sliiehh much nanouvr than tlm body; supraocular, if 

distinct, broken up into two or more shj4*ld»* Boii> r. 

Viuitiul shields at least iicail,) uh bioud as the bod.\ : supiaodihir 

Hinnlc; pois4in-ttin^ti, it jircsvnt, not in a 4ct,\ hu^c sheatli Con HKiiiji. 

Vent lid alimlds at least ncail.) us broad as tin* Inal,); krja* ])oiMm- 

tuiinci in a 4 ery lar};o hlieutli below the 03 c Vir£ini).c. 


Family T y p 111.o p i d je. 

A single genus. 

1. Typijlops. 

Scliucid, Hist. Ainph. ii. p. ,‘h‘h); Jioulting. Oat. Sn. i. p. 7, 


* Publinhed bj' pertniHsion of the of the Hritish Mnaeuiu. 

t 1. “A Iji»rof the Snakes of the Bclt^iau and Portuguese Congo, Northern 
Khodesia, and Angola,’* P. Z. S. 1016, p. 103. 2. “A List of the Snakes of 

Madagascar, Comoro, Mascarenes, and Seychelles,” t. c. p. 369. 
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Toxt-figlire 2. 
(Pjoin V Z.S. 14r>) 



A. 15 

Si.iliii^ of thickest |><iit t>f 1>o(l> 

A. rnpi/vit* smanufflnm^ with keihtl stHh> tiiid liUiiininte mmiIihI shidds. 

It iJijtMiiloHi irjtftns hlanthkt ftt with uhliqui m ih s aiid (iihii^td xeitt )>itils. 

T1h‘ Idllowing map (tt*xt-fig. 3) sliovvs tli«» liouialaiies of tlu' 
(ll^l^iolls a<l(»pt»‘(l in tln^smn's of jiaptas. DiM^ions H ami IJ f 
lm\t‘ hiMMi cli.ilt with, tin* piosont papier tioating of Division 
IV: 

'jV\t lignif 3 



Division of Africa into ticvcn dibtrictK. 
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SympdB of ilh€ 

I. No pneocnlar; no Rubocular; ocular in contact with two , 
upper labiolR; snout with flharp horizontal edge; eyes 
hidden ,* 22 scaloR round middle of body, the diameter of 
which is 80 times in total longfth. T. graeVU. 

II. A prsROcular; no subocular; ocular in contact with two or three upper labials. 
A. Nostrils lateral; snout rounded; eyes distinct. 

20 scales round inuhlle of body, the diameter of which is 86 to 

60 times in total length. T, hraminm. 

a I scales round middle of body, the diameter of which is 60 to 

00 times hi total length . T, pfatgfhgnrhu$. 

H. Nostrils inferior; snout rounded or with obtusely angular horizontal edge. 

1. Byes hidden. 

22 or 24 scales round middle of body, the diameter of which 

is 40 to 60 times in total length . T, obtu^tua, 

20 scales round middle of bo<iy, the diameter of which is 

26 times in total length. T. tomieri. 

84 scales round middle of body, the dianieter of which is 

23 times in total length. HT. mundaneU, 

2. Byes distinct. 

a, A small shield separating the pra^ocular from the 

upper labials; 28 scales round middle of Imtly, 
the diameter of which is 50 times hi total 
length . T. gien^a, 

b, rraiociilar in contact with upper labials. 

Nasal completely divided: 2t scales round middle of body, the 

diameter of which is 80 times in total length . T, niosaawhicu^. 

Nasal incompletely liivided, the cleft not quite reHching the 
rostral ; 24 scales round middle of body, the diaiuetor of 

which is 87 or 38 times in total length . T, tetfenaia. 

Nasal incompletely divided, the cleft not reaching the rostral; 

26 to 30 scales round middle of liody, the diameter of 

which is 24 to 80 times in total length . T, ptmHahia. 

(J. Nostrils infcaior; snout with sharply angular horizontal edge; eyes distinct. 
Tiower Rurfa<v of rostral broader than long; 38 to 44 sciiles 
round middle of body, the diameter of which is 26 to 32 

times in total length . T. achlegdii. 

Lower surface of rostral broader than long; 34 to 40 scales 
round middle of body, tlm^diaineter 03 f which is 42 to 46 

times in total length . T. dinga. 

Lower surface of rostral as long as broad; 30 to 38 scales round 
middle of liody, the diameter of which is 25 to 37 times in 
total length... T, wncruao, 

III. A prai^ular; ocular small, separated from the upper labials by a larger 
subocular; diameter of hotly 60 to 63 times in total length. 

Snout rounded ; eyes hidden; 22 scales round ibiddle of body. T. pntlidua. 

Snout with sharp horizontal edge; eyes hidden; 18 scales 

round middle x)f body . T. Iwnbridformia, 

8iiout with sharp horizontal edge; eyes distinct; 24 scales 

rouml middle of body. T. itnit 4 eniatua. 

1. Txphlops gracilis Stemf. Mitth. Zool. Mus. Berl. v. ISIO, 
p. 70. 

Urungu, German East Afiica. 

2. Typhlops bkaiunus Baud. 

Bouleng. Cat. Sn. i. p. 16. 

Bon them Asia; islands of the Indian Ocean (including Mosam* 
bique island); South Africa; Xagos; Mexico.*-^I)istributiou 
probably ascribable to tralispoH by human agency. 




















SNAKES OF EAST AFRICA. 


615 


3. Typhlops PLATYRixYNCHUS 8teruf. Mittli. Zool. Muh. Jierl. v. 
1910, p. 69. 

Tauga, German Ejist Africau 

4. Typhlops obtusus Peters, Mon. Berl. Ac. 1865, p. 260, pi. —, 
fig. 2 ; Boiileng. t. c. p. 38. 

Nyassaland. 

5. Typhlops torniehi ISternf. Mittli. Zool. Mus. Perl. v. 1910, 
p. 69. 

Kilimanjaro. 

6 . Typhlops mandfasis Stejneg. PnK*. U.S. Nut. Mus. xvi. 
1894, p. 725; Bouleng. Cat. Su. iii. p. 587. 

island of Manda, north of Ijaiim. 

7. Typjilops ojkiirj: Mocquard, Bull. Mus. Paris, 1897, 

p. 122. 

Tanga, German East Africa. 

8. Typhlops mossambu rs. 

(hiychoccphalaa moHsaiuhictts Peters, TVIon. Berl. Ac,. 1854, 

p. 62*1. 

7\f//)Iilops viOHHitmhicas f*eter», lleise Mossanil). iii. p, 93, pi. xv. 
lig. 2 ; Bouleng. Cat. Sn. i. p. 41. 

PortiigU(*se East Africa and Zululaial. 

9. Typjiloj’s TErriiN.SJS. 

(hiychocejihaltt^ IVteiN, Mon. B(*rl. Ac. 1860, p. SO. 

Typhhfps tettentiis Pet(*rs, Reisc Mossuuih. iii. p. 92, pi. xv, 
jjg. 1 ; Bouleng. Cat. 8n, i. p. 41. 

Poi’tugue.se East Afiica. 

10. Typhlops pi nctatus Leacli. 

Bouleng. Cat. !Sn. i. p, 42. 

TyphlopH hocayii Betheueourt Ferreira, doi n. 8c. Lisl>. (2) vii, 
1904, p. 114. 

Typhlops adolphi »Sternf. Mitth. Zool. Mus. Berl. v. 1910, p, 70, 
Tropical Africa. 

11. IVphlops sfiiLEGELii Biancoiii, Spec. Zool. Mossamb. p. 13, 
pi, iii. fig. 2; Bouleng. Cat. 8iu i. p. 44, 

East and Central Afriiai, to Portuguese E*i.st Africa and 
Southern Kiioilesia. 

12. Typhlops hinga. 

Onychoeephalm dinya Peters, Mon. Berl. Ac, 1854, p. 620. 
TypMops dmya Petere, Reise Mossaiuh. iii. p. 98, pi. xiv. fig. 1 
pi. xiv. A, fig. 3; Bouleng. Cat. 8n. i. p. 45. 

Portuguese East Africa. 
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IS. Typhlops muchuso. 

OnychocephaliMt mucniso Peters, Mon. Berl. Ac. 1864, p. 621. 
Typhlops mact*U8o Peters, Eeise Mossamb. iii. p. 95, pi. xiii. 
fig. S; BouleiJg. Cat. Bn. i. p. 46. 

Typhlops humho Bocage, Join. 8c. Li^b. zi. 1866, p. 171; 
Boiiieng. 1. 0 . 

Typhlops hottentotvs Bocage, op. cit. (2) iii. 189S, p. 117. 
Typhlops latirostris Steiuf. Mitth. Zool. Mufe. Beil. v. 1910, 
p. 70. 

Tropical Afiica south (»f the Equator. 

14. Typhloph PALLinrs. 

Leiheohla pallida Cope, Pioc. Ac. Philad. 1868, p. 322, 

Typhlops pallidas Bouleiig. Cat. 8u. i. p. 54. 

Zanzibur and Pemba Id. 

15. Typhlops li mbrioikobmis. 

Onychocephalub (Lftheohia) lumhriciformis Peteis, Mou. Berl. 
Ac. 1874, p. 377. 

'Typhlops lambriciformis Boiiieng. Cut. Sn. i. p. 54. 

Typhlops kUeheryi Weiner, Zool. An/., xxvii. 1904, p. 664. 

East and Centml Africa, 

16. Tvphloph rMiA-MAirs Peters, Mon. Heil. Ac. 1878, 
}». 205, j»L 11 . fig. 5; Bouleng. Cat. Hn. i. 55, and Ann. Mus. 
Cenov.i (3) v. 1892, p. 331 (\ar. aiamaiasp 

Boinalilainl ami Biitish East Atnca. 

F.imily C L A u c o N 111 > ifi. 

A single genus. « 

1. GlJklCOXlA. 

Gi.o>, Cat. Liz. p. 139; Bouleng. Cat. Sn. i. p. 59. 

Synopsis of ihs Speca^s, 

J. Ocular hordering the mouth, tad at least thiee tiineb a«. loug a^ broad. 

A. liostral more than half width of head, Lxtvuiliug hat.Wards be}oud level 

of t}e8. 

Diameter of bud} 50 to 66 times in total length Q, di$tant%. 

Diameter of body HO to 87 tiiiioH lu total length . G,$neirkert, 

B. Kostial one thud to one halt aidth of bead, not ixteiidiiig hackaaida 

beyond lei el of eyee* 

1 lioMtral not iii contact with supiaocular. 

Diameter of body 60 to 66 times lu total length 0, emint, 

Jhametci ut body 80 times in total length C^. 

Diametei ot bod} 70 times iii total length 0, itmyteauda, 

2. Bostral in contact with supiaocolar; diameter of body 

47 to 60 times in total k»igth 0, eoi^wncta* 

II. Ocular not bordenng the month; ia:il hardl} twice as long 

ub biuad, diameter ut bod} 40 times in total length 0» hrastrU 
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1. Glauconia DiSTAN'ri Bouleng. in IMstant, Natnr, Transvjuil, 
p. 175, fig., and Gat. Hn. i. p. 62. 

Nyjissaland, S. Ilhode.sia, Transvaal. 

2. (iLAm’ONiA MEiiKERl Woruer, Jahresli. Vor. Nai. WurttiMnb. 
Ixv. 1909, p. 61. 

Moschi, German K. Africa. 

.‘1. UiiArroMA EMiNi Bouleng. Ann. & Mao. X. U. (6) \i. 1890, 
p, 91, and Oat. Sn. i. p. (U, pi. iii. Hg. 8. 

East and Centra] xViiica. 

4. OiiAtJcoNiA HorLEVOKUi Boettg. in VoeltAoft*, Reis(‘ <Klafr. 
iii. p. 354. 

Witu, German E. Africa. 

5. GlxAUrONJA LONfJICArDA. 

Stennstouift hmtftrfnnh IVters, Mon. Beil. Ac. 1854. p, (>21. ami 
Reise Mossainh in. p. 102, pi. xv. fig. 5. 

(ifaucoina lonyicandn Boulting. (*ai. Sn. i. p. (>6. 

Portuguese E. AtruM and X. Hhodesia. 

6 . Glauc’oma <oNJir\<‘iA. 

SteitoUoma conjuit^'tinn d.in, Arch. Zool. An.if. P]i\s, i. 18r>l, 
p. 189, and Jeon. Gen, I. 2, pis, ^ m. tig. 9. 

Glantotna cottjfntcln Bouleng. 1, c. p. 67. 

South and Ka.st AfriiM, 

7. Glaucoma iuiallui Sternf. Mitth. Zool. Mum. Beil. \. 1910 , 
1 ). 70. 

Bagainoyo, German E. Ahira. 

Fa mil \ B o i n r. 

T^\o genera :— 

Rurtace of lietal with hliiclilH, io<stial .ind antmior upper )al>mlt« 
d<M}pl> pittwl , Sllhdiudlils ill two lows PvtfiOH. 

rp|>ei surittct* oi heutl mtli suiull (huIcm, tail iti> ahoit. miImaiuUI 
aiiid^lo 


1. PYTHON. 

l)aud. Hist. Llept. v. p. 266; Bouleng. Gat. 8n, i. p. 85. 
1, Python seb.e. 

Coluber aehcB Gmel. S. N. i. p. 1118. 

JPjjfikon eehve Bouleng. t. c. p. 86. 

Tropical and South Africa, 
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2. Ehyx. 

Daud. Hist. Kept. vii. p. 261; Bouleng Cat. Sq. i. p. 122. 

1. Ebyx thbbaicus Beuss^ Mus. Senckenb. i. 1834, p. 334; 
Bouleug. t. c. p. 125. 

Upper Egypt to German East Africa. 

Family Colubridas. 

Three parallel series;— 

No poisoii-faiiffs; all the twth solid . A. Afflyplm. 

roison>fHii{?'« hehiiid . B. Opistho^l.vplm. 

Poisou-tnngs ill front . . . C. ProJcroglypha. 

A. Aglypha. 

I. Loreal present (ocoasionally uhseiit in iiomaloaoma^ rticognisahle by the coin- 
binntion of a single ttaNul shield, patmi subeuudulM, snd a low iiitniher of 
ventral shields, 113 -144). 

A. Snout without angular horizontal edge; intornasal and pnefroiital painnl. 

1. Seales in 19 rows or more, not oblique; bod}' not remarkably slender. 


a. Pupil round, 
a. A single anterior temporal. 

Scales in 19 rows; anal divided . IVopidonntva. 

Scales in 19-25 rows; anal entire; a deep groove on side of head, 

above up})ei* labials . .. (Ult/pfinf ifcns. 

fi. Two or three superposed anterior temporals. 

Seales keeled, in 23 rows; a deep pit bctwet>ji nasal and 

pneociilur. .. . . Vothrnphthahnva, 

Scales smooth or very obtusely keeled, in 25 to 31 rows .... 

Scales smooth, in 21 rows . ('onmelhr. 

h. Pupil vertically elliptic; scales smooth, in 2.3 to 

33 rows . /f. . Jiuodun. 

2. Scales in 13 t<» 17 row's, or, if in 10, extremely narrow and oblique. 
a. Pupil vei'tically elliptic; snout much tlattened; scales in 15 or 17 rows. 

Scales smooth . liftrophidwm. 

Scales.keeled* vertebrals bicarinate . .. Simorephafus, 

5. Pupil round; body usually very slender (tree-snakes), 
ff. Scales in 13 or 15 rows, smooth. 

Subcaudals not keeled. Chlorophis, 

Subcandals keeled.^ and with a notch corresponding to the keel, 

same as on the ventrals . JPhilothamnua, 

l5» Scales in 15 rows, keeled. 

Subcaudals keeled and notched . Ga8tropp.rh. 

Subcaadals not keeled ; two superposed anterior temporals.. Jiapwidtlphrpa. 
y. Scales in 17 or 19 rows, very narrow, ktnded; eye very large. 

Lateral scales shorter than dorsals . Thraaopa, 

Lateral scales as long as dorsals. Uhmnmphh, 

c. Pupil round; nostril in aaingleor semidivided nasal; scales not oblique, 
short and smooth, in 15 or 17 row's. 

Nostril directed upwards, nasal divided or semidivided; two ' 

superposed anterior temporals; ventrals 145 or more . 

Nostril lateral, nasal entire; a single anterior temporal; ventrals 

less than 146 ... JEtower/esotnit. 
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B. Snout with angnlur liori/ontal cdgi*, or intiM nasal and i>r*rfroiital sinjih'. 
Byo in fontart with lahiulH; intoniMsal and piidrontul single; 

sohIos 111 ]6 or 17 rowa; vontrals less than 170 Pros^nnw. 

Kuhoeularti Bepurate tho eje fioiii the labialh ; scales m 10 to 2*'» 

rowH; ventrals inure than 170 .. Sviqthtophts. 

II. Xo loreaU nasal in contact viith prieocnlar; pupil \eiticall> 
elliptic; scales htiongl> ki'chd, some of the lat( nils \en 
oblique 


1. T»oi*nM)\oTb.s. 

Kohl, liiill. Sc‘. Nat. ii. 1H24. p. HI ; ('.it. Sii. i. 

p. 192. 

1. TnoPlDONOTt K OMV\rKt’S. 

(\tront'llf( ohrarm Pi‘U*rs. Mon. Herl. Ac. in.'id, [>. t>22. 
Trop'nlotiittiffs (ilivarms Ihniloni*. t. c. p. 227. 

(h'dijia yun'di 1 folio, Hitll. Miis licit; i\. IH8t», p. l.’iH. tio.; 
Ho^llcll^^ op. cit. ii. p. 2KH. 

Tropicjil Africa, fi’oiii the Soinlaii to Aiiiiol.i, oihI Houflicin 
iihodc.sia. 

2. (liAriioL\ ( I <5. 

(iliintli. ]'. Z. S. 189*1, ]i. (129; Houlciiji. (’at. So. lii. p. lilT), 

Tw o .species ‘ 

N.iles III ytoi 2*1 lows, iiiissil <.*‘ni.di\ eh d O’, /o i/oc 

K.iles in Ja lows, luisal dis nh <1 (i, nhutn. 

1. (<iAi*noLY< IS HKOI.OK (Junlh. 1. c., li^^ ; Jhailen^. 1 c. 

Lake 1\*iiigan> ika. 

2. (JlAPHOlAi’l s lloilleiio. ]\ S. IS97, ]>. 8(»2, 

pi. xhi. ti^. 2. 

N\as.sal;in(l. 

Ikirmiopiiin maii s. 

IVtei-s, ]\lo!i. Hell. Ac, 181)9, p, 287; II nileiiii. i\it. Sn. i. 
p. :i24. 

1. Hornnopurii \LMt .s iJxrArrs. 

Klaphia {BothrnphtIntilint'aft*^ Peters, 1, c, 
Jiuthrophth((lmn^ IhnuttttH Hoiileiii». 1. e. 

From tlic (Sold (Wst and Uganda t.o the (’oii^o. 

4. BoOJHhN. 

Dum. it Bihr. Mihn. Ac. Sc. xxiii, 18^.9. j». 4tJ(l; Boiden^f. (’at. 
Sn. i. p. 927. 

i^jpnopsls of the Species, 

I. SubcaudttU in two rows. 

Prwoculnr not oxtondnig to upper surface of head; scales in 23 oi 

25 rowB ; ventnils no light lines on side ot head Ji. hifprualts. 
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Prasocular extending to upper earface of head; acales in 23 (rarely 


25) rows; veiitrals 186-220; belly blaolcish brown with the 

middle line yellowish . JB, virffatitt. 

PrKocular extending to upper surface of head; scales in 25 to 88 

rows; ventrnls 188-2^ ... B.UnMtus, 

II. Subcaudals single; scales in 26 to 29 rows: ventrals 183-221... 3. otivaceua. 


1. Boodon iNFEENALis GUntb. Cat. Col. Sn. p. 199; Bouleiig. 
Cat. Sn. i. p. 380) pi. xxi. fig. 1. 

German East Africa and South Africa. 

2. Boodob vittGATTra. 

CcelopeUis virgtUa Hallow. Proc. Ac. Pbilad. 1854, p. 98. 
Boodon virgatm Bouleng. t. c. p. 831. 

German East Africa (jifeZg Steriifeld); West Africa, from the 
Gold Coast to Calabar, 

3. Boodon lineatus Dum. & Bibr. Erp. Gen. vii. p. 863 ; 
Bouleng. t. c. p. 832. 

Tropical and South Africa an<l South Arabia. 

4. Boodon olivaoeus. 

Holuropholis olivacem A. Bum. Rev. et Mag. Zool. 1856, 
p. 466. 

Boodon olivaceiis Bouleng. t. c. p. 385. 

West and Central Africa, from Nigeria and Uganda to the 
Congo. 

5. Lycophidium. 

Bum. A Bibr. Mdm. Ac. Sc, xxiii. 1853, p. 462 ; Bouleng. Cat, 
Sn. i. p. 386. 

of the Species, 

1. Scales in 16 rows; ventrals 153-166; subcaudals 23<32 ... L. meleagris, 

II. Scales in 17 rows. 

A. Parietal shields longer than the distance between frnntnl and end of snout. 
IMameter of eye hardly equal to its distance from mouth; ventrals 

140-160; subcaudals 18-28. JL. acutirostre. 

Diameter of eye considerably greater than its distance from 

mouth; ventrals 146-166; Hubcandah 20-30 . . . L. semiannulis. 

Diameter of eye considerably greater tbaii its distHiice from 

month; ventrals 163-208; subcaudals 24-47 . X. capenae. 

Diameter of eye not greater than its distance from mouth; 

ventrals 164-189; subcaudals 29-88 . L.Jackaoniu 

B. Parietal shields not longer than distance lietwepn frontal 

and end of snout; ventrals 188-219; Hulicuudals 

84-65 . L. aamicinctum, 

1 . Lycopuidiuu MELEAaRis BouIeKg. Gat. Su. i. p. ,^37, pi. xxi. 
fig. 2. 

German Eaet Africa (Jide Stmmfeld); Angola. 

2. XiYOOFBiDiuM AOtmiKwrnB GUntli. Ann. & Mag. M. U. (4) i. 
1868, p. 427, pL xix. fig. B; Bouleng. t, c, p. 338, 

Zanzibar. 
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3. Lyoophidium semiannitlis Peters, Mon. Berl. Ac. 1854, 
p. 622, and Reise Mossarnh. iii. p. 1.35, pi, xvi. fiff. 2 ; Bouleng, 
t. c. p. 3.39, 

Portuguese East Africa. 

4. LyCOPHIDIUM C'APENSE. 

Lycodott. cappvHis A. Sniitli, S. Afr. Quart. Journ. ) no. 5. 
18.31, p. 18. 

Lycophidinm capennp Rouleng. t. c. p. .3.39. 

'Propical and South Africa, 

5. LYCOPniDiUM .lACKSONii Bouleng. Clnf. Sn. i. p. 310, ])1. xxi. 
fig. 3. 

Kast Africa. (Kilimanjaro, Lamu). 

6. Lycopphdju.m SEMiciNfJTUM Diio). Hi hr. Krp. (ien, vii. 
p. 414 ; Bouleng. t. e. p. 341. 

(ierrnnn East Africa (fide Sternfeld): Sciieganil»ia. French 
(luinea, Noithern Nigeria. 

6. SjMOCBPUALt’S. 

Hinit.h. C!fit. (Jol. Sn. p. 194 : Bouleng. Cat. Sn. i. p. 341. 

tSynnpfiis of the Species 

1. VentraN 203-255 ; Mibcaialals 45 70. 

Two i)()sto(Milttr> ; tt yellow vert4‘bral liir* 

'J’hrec po'.tociilar'.; h ^iiurle lovcal 
'Plirofi postocttlars; two siiperpoM’d loreah 

11. Ventrah 230-202 ; subcnmlale 76 121- 
in. Ventrulu 171'17s ; subcaiuialH 02~0-'l 

J. SlMOCKPHAia’S CAPENSIS. 

ifeierolepifi capemis K. Sn»ith, 111. Zt>ol. S. Afr., Kept. j>l. K. 
Simocep/iaNft cafyeoftis Bonleng. f. c. p. .34.5, 

Herman and f’ortugne.sc East \frica. Xyas.silaiMl, (lahoon, 
Natal. 

2. SiM(K'EPiiAu:s CHANLEKi Stejneg. Vv(H\ r.S. Xat. .Mns. xxi. 
1894, p. 726; Bouleng. op. cit. iii. p. 617, 

Island of Manda, N. of Jjunui. 

3. SlMOCKPiiAT.rs UNiconoH Bouleng, Ann. & Mag. X. II. (8) v. 
1910, p. 512. 

Kenya District, Brit. E. Africa. 

4. SlMOCEPUALUS POENSIS. 

}1e,terohpi& poensh A, Smith, 111. ^ool, S. Afr., Kept. 
SimocephaUis poemi^t Bouleng. op. cit. i. p. 346, 

I'gaiida; Sierin Jjcone to Congo. 

Proo. Zool. Sor. --1915, Xo. X LI 11. 43 


CtlfH'illtit. 
N, chmult /•> 
KNirolor. 
pS. ftoenfiis. 
,v. »i/t7vste. 
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5. SiMocEPiiALUS XYASS£ Guntli. Ann. Ma^. N. H. (6) i. 
1888, p. 328; Boulen^. t. c. p. 347, pi. xxiii. fig. 2. 

Gonionotophis degrijsii Werner, Zool. Anz. xxx. 1906, p. 53. 
East Africa, Nyaesaland, Natal. 

7. PSELDASPIS. 

Cope, Proe. Ao. Philad. 1864, p, 168; Kouleng. Cat. Sn. i. 
p. 373. 

1. PSBITDASPIS CANA. 

Coluber camia Linn. Mus. Ad. Fnd. i. p. 31, pi. xi. fig, 1. 
PeeAulaspvt eana Bouleng. 1. c. 

East and Houth Africa, Nyjissalan/l, Angola. 

8 . Ohloropjjis. 

Hallow. Proc. Ac. Philad. 1857, p. 52; Bouleng. Cat. Sii. 
ii. p. 91. 

Synopsis of the Species, 

1. No traije of ventral keels j ventmls 147-190, 

A. Scales in 15 rows. 

9 upper labials, 4lh, 5th, and 6ih entering the eye; stibcaudals 

103-123... (\ emini. 

7 upper labials, 3rd, 4th, and 6th entering the eye; subcaiiduls 

114 . C. Hchnbotzi. 

8 upper labials, 4th and 5tb entering the eye; sulxuiudals 82- 

105. . . C. lioploffaBter, 

B. Scales in 13 rows; 9 upper labials, 5th and 0th entering 

the eye; bubcaudals 75. .. f maerop», 

II. Ventrals with a more or less distinct lateral keel. 

7 or 8 upper labials, 4tb and 5th (rarely Ord and 4th) entering 

the eye; ventrals 148-169; suhcaudals 71-114. i\ neglectu$, 

8 or 9 up]K>r labials, 4th, 5th, and 6tli (rarely 3rd, 4th, and 6th) 

entering the eye; voiitrpls 176-190; suhcaudals 115-135; 

body very slender autoriorly. (\ heter<depidotfnt, 

9 upper labials, 4th, 5tb, and 6th entering the eye; preeocular 

in contact with or narrowly separated from the Irontal; 

ventrals 150-182; suhcaudals 90-133 . C, irregulari$, 

1. OmX^OHOFHIS EMJXl. 

AhcetvMa emini Giinth. Ann. & Mag. N. H. (6) i. 1888, p. 325. 
Chlorophis emini Bouleng. t. c. p, 92, pi, v. fig. 1, 

Egyptian Boudau to Uganda and Kuwenzori. 

2 . Chlorophis schubotzi Sternf. in Schnbotz, Wiss. Ergebn. 
Deutseb. Z.-Afr. Exped. iv. Zool. ii. p. 269, fig. (1912). 

Near Bukoba, Gcman E. Africa. 

3. Chlorophis hoplooaster. 

AhmtiMa hoplogaste^' Giinth, Ann. tk Mag. N, H. (3) xi. 1863 
p. 284. 

Chlorophis hoplogaster Bouleng. t. c. p. 93. 

Central, East, and South Africa. 
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4. ClILOKOrillS MACUOPS. 

OUgolepift inacrops Bouleri". op. cit. iii. j). (544. 

('hlorophis macraps Sternf. Sitzl). (Jes. Xat. Fr. Berl. 1908, 
p. 95. 

Gorman Ea«st Africa.. 

5. CJHLouopriis NEoij:cTrs. 

Philothammis negUcius Peters, Mon. Horl. Ac. p. 890, 

and lleise Mossainh. iii. p. 130, ]d. xix. A, 2. 

(^hlorophis neglectns Bouleng. op. eit. ii. p. 94. 

Ejust and Central Africa, S. llliodesia. 

(5. CnLoiiopiirs iiETKnoLEPiDon.s. 

AhiPinUa lieterolfpldoia Giinth. Ann. & Maj;. N. H. (3) xi. 1H{53, 

p. 2«(). 

Chlorophis helprolephhdas Bonleng. t. c. p. 95. 

(Viloropkis grac.llis Sti*inf. Mittli. Zool. Mus. Berl. v. 1910, 
p. (54. 

'rropical Africa. 

7. (JllLOHOPIlIS IIIREGI LARIS. 

Cnhiher irregidaris Lcacli, in Bowdich, Miss. Ashantee. 
1». 494. 

(^hlorophls irregalaris Bouleii<r. t. c. p. 90. 

Senegamhia, and Uganda to Dainaraland and S. Ulmdesia. 

9. PlJlLoTIIAMXrs. 

A. Siiiitli, 111. Zool. S. Afr., Kept.; Bouleng. Cat. Sn. ii. p. 98. 

1. PjULOTiiAMNrs SEMivAiUEGATUS A. Smith, t. e. pis. lix., lx., 
k Ixiv. fig. 1; Bouleng. t. e. p. 99. 

Tropical and South Africa. 

1 0. GASTPtOPYXlS. 

Cope, Proc. Ac. Pliilad. 1860, p. 55(5; Bouleng. Cat. Sn. ii. 

p. 102. 

Two species:— 

Temporals 14-2; scale* ati*ongly kcelod ... . O. smaragdhur. 

Temporals 2 + 2; scales feebly keelwl . O, orientalis. 

1. Gastbopyxis smabagdina. 

Dendrophia smaragdina Schleg. Phys. Serp. ii. p. 237. 
Gaairopyxis amariigdina Bouleng. t. c. p. 103. 

Trt^ical Africa, from Sierra Leone and Uganda to the Congo 
end Nort.hern Angola. 

43^ 
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2. CUsTROPYXis ottiRNTALis Weriier, Jahresh. Ver. Nat, VViirt- 
lemb. Ixv. 1909, p. 65. 

(Sennan East Africa. 


11. Hapsidophrys. 

Fischer, Ahh, Nat. Yer. Ilamb. iii. 1856, }>. 110; Boulonty. 
Cat, Sn. ii. p. 103. 

1. HAPSioopiiiiys UXEATA Fisolu;!*, t. f. p. Ill, pi, ii. fig. 5; 
Boiileiig. t. c. p. 104. 

From the (lolcl Oonsi to the (Joiigo, e.istwards to Ugaii<la. 

12. Thhasops. 

Hallow, Prop. Ac. I^hiljal. 1H57, ]). 67; Boiileiig. (.^it. Sn. ii. 
1>. 104. 

1. Thuasops iioTiisciiiMni Moerpiurrl, Hull. Mus. pHi-is, 1905. 

\K 286, 

British Hast .Vfi ica. 


13. liUAMNOPHlS. 

(liinth. .\nn. S: Mag. N. II. (3)ix. 1862. p. 129 ; Bonleng. ('at. 
Sn. iii. p. 632. 

I . Rh AM N OP II IS JAC'KSONII. 

Thramps jackaonil (liinth. Ann. tfe Mag. N. 1895, 

p. 528 ; Bouleng. 1, e. 

ITgaiida, FrcMich (luinea, (h)l(l (ioast, Kasai. 


14. (3oiw)NicnLA. 

Syn. Kept, p, 84; Bouleug. (y^tt. Sn. ii. p. 188. 


Two species- 

liofttral much broader than . (\ muiomaia, 

KoRtral acareely broader than deep . . xcheffleri. 

1. OoRONRLLA sEMioHNATA Peters, Mon. Berl. Ac. 1854, p. 622, 
and Reise Mossainh. iii. p, 116, pi. xvii, fig, 2; Honleng. t. c. 
p. 195. 

Ea.st Africa, N, Hho<lesia. 

2. CJouoNELLA HCHKFFLRBT Stemf Hitzb. Ces. Nnt. Fr. Btnl. 
1908, p. 93. 

British East Africa. 



SNAKKS OF FAST AKIUCA. 


025 


15, (iRAYTA. 

(xiinth. Oat. Ool. Sn. p. 50 ; Honleng. Oat. Sn. ii. p, 2H6. 

Two s])ei*ies : 

Scales in 17 rows; ventnils iJto -ltJM. sultcamluls 80 10*2 (i, sniythii. 

Scales lit ir» rows; vcntrals l.'lo 1113; siil»caii<)n1s (V. tTtoUoni. 


] . (JUAXIA SAnTlJJI. 

iUihihf^r suit/ltni in K\pi»>i'. M. Zaiiv, Afiji. 

]>. :m. 

(trat/ia ntnf/i/ni l^oiileng. t. i*. (part.), and 1*. Z. S. 18011, 
p. 04H, tigs. 

and (^Mitral Africa and rgan<la. 

2. (Jhama Tiioi.LOM MiHHjuanI, Hidl. Soc. I*iiilnm. (8) i.\. 1807. 
ji. 11 ; llouJeng. I*. Z. S. 1800, p. 051, lig. 

lOgypliMii Soudan. Uganda, Kr**m*ii Oongo, Katanga. 


Id. IJ0.MAI.O.SO.MA. 

W agl. S>.‘st. Ani]»li. p. JOO; lloultuig. (at. Sn. ii. p. 27.*). 

J. II 0 MAJ. 0 .S 0 M \ ij ini\. 

f^ohthpr hdri.i' Ijinn. S. N. i. p. V>7*k 
flomaJosomn hiirix lloidfuig. t. <*. p. 274. 

//omafosomtt shlraman lloultuig, t*. r. p. 27i>. 
llouiaUiaomu (fhjfsi^hiic*nn noulong. I. (*. 

Mast .\fri«a, X>assaland, South AfVi<*a. 


17. I’kon^mnv. 

(Jray, C*at. Sn. p. 80; lionUnig. 0:it. Sn. ii. ]». 24<). 
f^t/noftsis of ihe 

Snout with uui^ular lujri/.oiital etim*: ti\o po-»loculsn’s ; \ciUral«* 031 

168 /’• tnnbufurr 

Snout with aiiirular honzoiiUil ctijkrc. a single postoculav; pviWiontnl 

eiitariiuf the cvM: veurrals 1.51-187 , . i* hoatflu. 

Snout rouiuled ; two pi)stoculNi«<: leiitraK 1-8 /^ ruytuht/t,<t. 

1. Piio8\MXA A.MBHir\ Rofage, Join. Sr. IJ-sh. iv. 1875, ]•. 218; 
Ponleiig. t. c. p. 248. 

Zanzibar Ooast to Zululand. Khod(‘.'.ia, .Angola. 

2. PUOSY.MXA IKK'AOII Houlrng. Ann. it Mag. X. M. (0) xi.v. 
1807, p. 278, lig., and Ann. Afn.s. (V.ngo, Zool. ii. 1001, p. 0, 
pi. iii. fig, 4. 

l^fOByuma eansel Morqnard, Hull. Mu.s. Paris, lOUG, p. 250. 
L'lwuighi and Mozainbiipif*. 
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3. Prosymna VARiABiLis Werner, Jahresh. Nat, Ver, Wurt- 
temb. Ixv. 1909, p. 67. 

Moschi, (lermaii E. Africa. 

18. Bcaphiophis. 

IVters, Mon. Berl. Ac, 1870, p. 044 ; Bouloiig. Cat. Sn. ii. 
p. 254. 

1. ScAPUioPUis albopunctattts Peters, t. c. p. 645, pi. i. fig. 4; 
Bouleng. 1. c. 

Tro])ical Africa, from the Houdaii to the Congo. 

19. Dasvpeltis. 

Wagl. Syst. Aniph. p. 178; Bouleng. Cat. Kn. ii. p. 353. 

1. DaSYPELTIS 6CABUA. 

Coluber scaher Linn. Mus. Ad. Frid. p. 36, pi. x. fig. 1. 
Dasypeltis scahra Bouleng. t. c. p. 254. 

Tropical and South Africii, Egypt, S. Arabia. 

B. Opisthoglyplia. 

1. Kye moderato or large, with vertically elliptic pupil; head distinct From neck ; 
nostril between two shields; loreal present (sometimes entering the e\e). 


A. Nostril directed upw’ards, between the nasal and the 

interiiasal; parictals broken up into small shields; 

scales smuoth or obtusely keeled, in 21 rows .... Pj/thonoiipsus, 

B. Nostril between two nasals; scales smooth or faintly keeleil. 

1. Two su(H>rposcd anterior temporals; scales oblique. 

Scales in 19 or 21 rows, verU‘l»rals not enlarged. Tarhoph is. 

Scales in 21 to 25 rows, vertebrols enlarged. Dipmdumorp/ins. 

2. A single anterior temporal. 

Scales in 19 rows (rarely 17H loreal not entering eye J^eptodirn. 

Scales in 17 rows; loreal entering eye . Cham€Ptortttit. 

11. Eye small, wuth vertically subelliptic pupil; head distinct 
from neck; nasal semidivided, with horizontal cleft; 
scales in 17 or 19 rows . JUmirhape^'rhia. 

III. Eye TOoderate or large, w'ith round or horizontal pupil; iieml distinct troin 
neck; loreal present. 

A. Pnpil round. 


1. Loreal not more than once and a half as long as deep; scales in 17 or 19 


rows, not oblique. 

Nostril between two nasals; \entraU 128-139; subcaudals 

34-41*. QeodipMs.. 

Nostril in a semidivided nasal; intoriiasals shorter than pra>- 

froutals; ventrnls 147-187; subcaudals 59-98 ... Amplorhiuvs. 

Nostril between two nasals and the interiiasal; subcaudals less 

than 70. . . Trimerorhinus, 

Nostril between two nasals; rostral very large ; subcaudals00 

or more . Jthampkiopkig, 

2. Loreal at least once and a hidf as long as deep; scales more or less oblique. 

Scales in 17 rows; a single anterior temporal. Dromophin. 

Scales in II to 17 rows; one or two middle maxillary teeth 

much enlarged, fang-like... P$ammophi$» 
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3. Loreal not more than once nml a half as loiif' a,9 deep; 
nostril in an undivided nasal; scales very narroa', 

oblique, keeled, in 10 or 21 rows . DUpholidus, 

B. Pupil horizontal; nostril in an undivided nasal; scales 
narrow, oblique, feebly keeled, in 19 rows . Thelotornii, 

IV. Eye small or very small; head not at all distinct from neck ; no loreal. 

A. Subcaudals in two rows. 

1. One or tw'o upper labials in contact with th(> parietal; nasal in contact 

with the rostral. 

Scales in 10 or 21 rows ; no ])reeocular . (Mlamelaps. 

Scales ill 15 or 17 rows; no pneocular; neutral ieiy larp*, con¬ 
cave below; a pair of interna'^alH and a pair of pr.elKoituls. Uhinocalamus. 
Scales in 17 niw'h; a lar^e, elongate prseocular; roslial \er\ 

large, flat below ; prielrontals absent . XenoralnmvH. 

2. Temporals separate the upper labiuK from tlie parietnls; scales in 15 row-s. 

Nasal in contact with the rostral; no pneocular ... Mtcrelnps. 

First upper labial in contact with the intenm.sal; a jtrieociilar . Miodon. 

B. Subcfludals single; a pneocular; scales in 15 rows ... . AparaVavtus. 

1. Okobifsas. 

Houleng. C^at. Sn. iii. p. 32. 

1. (.Jeobipsas VAUEiiocEG.E Tornitn*, Anz. xxv. 1902, 

p. 703. 

Usiiiubara, Germnn E, Africa. 

2. PyTUONOI>lP«AS. 

Ouiitih. Abb. tfe Mag. N. II. (4) i. 1868, p. 425; llouleBg, Cat. 
8b. iii. p. 45. 

1. Pytiionobipmas ( AiuxATA (luBtli. t. c. i>. 426, pi. xix. fig. K ; 
Poiileng. 1. c. 

Zambesi, Dainarahuid. 


3. Taiuiopiiis. 

Fleischm. Dalin. luiv. Serp. (JeB. p. 17; Bouleiig. Cut. 8b. iii. 
p. 47. 

Two .species;— 

Scales in 19 rows; anal divided T. semiannulatus. 

Scales in 21 rows (rarely 10); anal entire .... 2\ tfueuthcri. 

1 . Tarbophis SEMIANN ULATLS. 

I'elescopns setniaitnulalHs A. Hiuitli, 111. Zool. 8. Afr., Jlept. 
pi. Ixxii, 

Tarbophis semiannalatus Bouleiig. t. c. p. 51. 

Central and East Africa, ABgola, 8. Africa, 

2. Tarbophis guentheri Anders. Proc. Zool. 8oc. 1895, 
pi. xxxvi. fig. 3 ; Bouleng. t. c. p. 52. 

East Airica, Arabia, Syria. 
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4. DlPSADOSfOHPiil.’tS. 

Fitting, in THchii ii, Faun. Per., Herp. p. 66 ; Bouleng. Cat. 
Sn. iii. p. 59. 

1 . DiPSADOMORPUtJB BLANDINGll. 

iJipsaa blandingii Hallow. Proc. Ac. Philad. 1844, p. 170. 
Dipsadomorphus biandingii Bouleng. t. c. p. 77. 

Hritisli East Africa; West Afiica, from Senegiimbia to C^ongo. 

5. liEPTOniRA. 

Giinth. C^nt. Col. Sn. p. 165; Bouleng. (‘at. Hn. iii. p. 88. 
isynopaia of ike JSpecieH. . 

I. Ventmlh le»s tliHti 200; snbcaudals less than 60; 3 to o pairs of clun>shielJs. 
One prieocular (rarely divided), separated from the frontal; frontal 
eoiiKidcMalily broker than deep; loreal not or but little loujjper 

than deep. L. holamhma. 

One prseoculur, separated from tlie frontal; rostral little broader 

than deep; loreul longer than deep . L. depetti. 

Twopneoculars, upper in contact with the frontal .... .... L. tor^nicn. 

11. Veiitrals more than 200; subcandals KK) or more; two pairs • 

of cbin-shields. . L, tvemen. 

1. LbPTODIRA HOTAMBCEIA. 

Coronella hotambma Laur. Syn. Kept. p. 85. 

Leptodira hotamheeia Bouleng. b. c. j). 89. 

Tropical and South Africa. 

2. Lbi'Tudiba degeni Bouleng. Pnic. Zool. Soc. 1906,ii.}».572,fig. 

Laptodira attareynsis Werner, Sitzb. Ak, Wien, cxvi. 1C07. 
p;i875. 

LTgandsi. 

3. Leptodira TORNiEBi Werner, t. c. p. 1876. 

Usambara, German East Africa. 

4. Leptodijia werkeri Bouleng. Ann. k Mag. N. H. (6) xix. 
1897, p. 281, 

Dipaadoniarphm retievlatus Werner, Jahresh. Nat. Ver. Wiirfc- 
temb. Ixv. 1909, p. 55. 

Usamliara, German Ettst Afriett. 

4 

6. Cham.etortus. 

Gtinth. Proc. Zool. 8oc, 1864, p. 310; Bouleng. Oat. Sn. iii. p. 98. 

1. OHAMjrroRTus AUL 1 CU 6 Giiiith. 1. c. pi. xxvi. fig. 2; 
Bouleng. 1. c. 

German and Portuguese East Africa, Transvaal. 
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7. JlEMIRHAaEUllHIS. 

Boettg. Zoo], Anz, 1893, p, 119; Hoiileng. Oat. 8ii. iii. p. 119. 

1. irEMIRUAdEURHlS KELLERt Hoftlg. I. . Houleng. 1, c. 
Somaliland and Brilish East Africa. 

8. Amplorium s. 

A. Smith, 111. Zool. S. Afr., Kept.; BonhMig. Cat. Sn. iii. p. 124. 
Two speedes 

TrjriiJoniN 14-2 or 2 + 2 : xmiIimN 1m7 A. nofoLanm. 

’IVrn|>(»niU 3 + 4; \<'ntnils 117 A.ltpniatm. 

1. Amploruim's notot.+:ma. 

('oronella itotoittnia (lunth. I\ Z.S. 18G4, p. 309, pl.xxvi. fig. 1. 
AmiHorhlnm vfUni($>ina Bonh*ng. t. c. p. 125. 

Amplm^hinuH (puitheri M(>c(jiiai*d. Bull. Mns. Bari.s, 180(h 
p. 251. 

Kgy{)tiau Soudan to Nyassaland ; Angola. 

2. Amplokhixis T.EMATrs Sternf, Mittli. Zool. Mns. Beil. iv. 
1908, p. 241. 

Ijamu Id., British East Africa. 

9. Tuimerorii l.M'S, 

.V. Smitli, 111. Zo(»l. S. .\fr., llcjit.; Bonhuig. Cat. Sn. iii. 
p. 138. 

Two species:— 

Hostrni as deep as broad, its uj>pur portion at least half as Itnijr a.s 

ita distance from the frontal T. tntfFniufu,t. 

Kostrul slip:htly bioader Ihuu deep, a** npp<*r portion al»out one 

third its tlistanee from the frontal T. vnriabthx. 

1. TlUMERORlllNUS TRIT.ENIATPS, 

lihtKjerrhis trilmniata lltinth. Ann. A:. Mag. X. 11, (4) i. 1868, 
p. 423, pi. xix. lig. !I. 

Trimerm*hinas tyUwtnatns Boultmg. t. c. p. 139. 

East, Central, and South Africa. 

Probably only a variety of the S. African 1\ rhomheutm, 

2. 'J'rimeroriiinuh variaiulis. 

Paammophyliu: vanahilis (liintli. P. Z. S. 1892, p. 557, pi. xxxv. 
Trimerorhinm varlab'dis Bonleng. t. c. p. 140. 

Nyassaland. 
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10. Bhamphiofris. 

Peters, Mon. Berl. Ac. 1854, p. 624; Bouleng. Oat. Bn. iii. 
p. 144. 

Two species:— 

Snout roundcMi; scalefi in 19 rows; rentrals 230-241; sub- 

candala 1$4-160. J2. rubropunetaiuB, 

Snout somewhat hooked in profile; soales in 17 rows; ventrals 

148-'102; eubcaudals 00-110 . JK. ox^hynehus, 

1. Bhamphiofris BUBBOPUNCTATVS. 

Dipaina ruhropunctata Fischer, Jahrb. Hamb. Wiss. Anst. i. 
1884, p. 7, pi. i. fig. 3. 

Xhamphiophis rvbropunctatiis Bouleng. t.c. p. 146. 

Egyptian Soudan and East Africa. 

2. Bhamphiopiiis oxybhynchus. 

Paammophis oxyrhy^ichua Beinh. Vid. Selsk. Skrift. x. 1843, 
p. 244. 

Rhamphiophis oxyrhynchua Bouleng. 1. c. 

Tropical Africa. 

11. Dbomopbxs. 

Peters, Mon. Berl. Ac. 1869, p. 447; Bouleng. Cat. Sn, iii. 
p. 149. 

1. DrOMOPBIS lilNEATUS. 

Dryophylax lineatua Dum. & Bibr. Erp. Geu. vii. p. 1124. 
Droinophia limatm Bouleng. 1. c. 

Coast of Guinea to Egyptian Soudan and Zanzibar Coast; 
Nyassaland. 

12. Psammophis. 

Bole, Isis, 1827, p. 521; Bouleng. Cat. Sn. iii. p. 152. 

Synopaia of the impedes. 


1. Scales in 17 rowe; 2 or 3 superposed anterior temporals. 

Koetral broader than deep; ventrals 177-192; subcaudaU 130- 

178 . P. punetulatut* 

Bostral broader than deep; ventrals 151-180; subcaudals 100- 

119 . P. BuhtmniatfM, 

Bostral as deep as broad. i\ sibilau$. 

II. Scales in 15 rows; 2 superposed anterior teiiipuraU. P. biaeriaiuB, 

III. Scales in 11 rows; a single anterior temporal. P, angolenBU* 


1. Psammophis funotulatus Dum. & Bibr. Erp. Gen. vii. 
p. 897; Bouleng, t. c« p. 159. 

East Africa, from the Blue Nile to Mozambique; Arabia. 
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2. PSAMMOPHIB SUBTACNIATUS. 

Paammophis sih'dans^ var. aMmnmia Peters, Heise Mossaiiib. 
iii. p. 121. 

Psammophis suhtmniatm Boulaiig. t. c. }). 160. 

East Africa, from Uganda to Mozambique; Nyassaland. 

3. Psammophis sibilans. 

(Joluher sihilans Linn. S. N. i. p. 383. 

Psammophis sihilam Boiileng. t. c. ]>. 161. 

Psammophis trinasalis Werner, Abli. Hayer. Ak. xxii. 1903, 
p. 381. 

Tropical and South Africa ; Egypt. 

4. Psammophis hiseriatt-s Peters, Sitzb. (les. Nat. Fr. Berl. 
1881, p. 88; Bonleng. t. c. p. 168. 

Somaliland and British East Africa. 

5. Psammophis ang(»lensis. 

Amphiophis angolposis Borage, Jorn. Sc. Lisb. iv. 1872, p. 82. 
Psammophis anyoloasis Boul(*ng. t. c. p. 170. 

East and Ceniml A^frica, Angola, Orange River Colony. 

13. Thelotorms. 

A. Smith, Ill. Zool. S. Afr., liopt.; Bouleng. Cat. Sn. iii. 
p. 184. 

1. ThELOTORNIS KIRTLANIHI. 

Leptophis kirtlandii Hallow. Proc. Ac. Phihul. 1844, p. 62. 
Thelotomis kirtlandii Bouleng. t. c. p. 185. 

Tropical and South Africa. 

14. Dispjjounus. 

Duvernoy, Ann. Sc, Nat. xxvi, 1832, p. 150; Bouleng. C’at. 
Sn. iii. p. 186. 

1. J llSPlIOLIDUS TYPES. 

Jtacsphalits tppus A. Smith, Zool. Journ. iv. 1829, p. 441. 
/Jispholidiis typiis Bouleng. t. c. p, 187. 

Tropical and South Africa. 

15. Calamelaps. 

Giinth. Ann. & Mag. N. H. (3) xviii. 1866, p. 26; Bouleng. 
Cat. Sn. iii. p. 245. 

Two species:— 


Scaleg ill 17 iws . F* ^mcolor. 

Scales in 19 or 21 rows. *C'. pofjflepU. 
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1. (Jalamelaps UNIC0L0R« 

Cdlamaria unicolor Rehih* Vitl. Helsk. Kkriffc. x. 1843, p. 236, 
pi, i. figs. 1-3. 

Calmielapn unicolor Bouleng. 1. c. 

AtraetuBpis hildebrandti Peters, Mon. Berl, Ac. 1877, p. 616 ; 
Bouleng. t. c. p. 512. 

British East Africa; West Africa. 

2. Oalamelaps POLYLEPis Bocagc, Join. Sc. Lish. iv. 1873, 
p. 216; Bouleng. t. c. p. 246. 

Nyassiiland, Angola. 

16. llllINUCALAMtrS. 

Giinth. Ann. k Mng. N. IT. (6) i. 1888, p. 322; Bouleng. Cat. 
Sn. iii. p. 247. 

Two species:— 

Scales in 17 iwh ; 6 up|jor lahinU . dimidiatm. 

Beales in 16 rows; 7 u])i)er Inbiuls. meleagrix. 

1. Rhinocalamuh DiMiDtATns GUnth. 1. c. pi. xix. fig. 
Bouleng. 1. c. 

East Africti. 

2. Rdinocalamus mkleaohjs Sternf. Mittli. Zool. Miis. Bei l. iv. 
1908, p. 244. 

Lamu Id., British East Africa. 

17. JiKNOCALAMI S. 

Giinth. Ann. & Mng. N. IT. (4) i. 1868, p. 414 ; Bouleng. Cat. 
Sn. iii. p. 247. 

1. Xenocalamus ijfooLoii Gunth. 1. c. p. 415, pi. xix. fig. A ; 
Bouleng. t. c. p. 248. 

Zambesi. 

18. Miceeijvps. 

Boettg. Ber. Herick, Ges. 1879-80, p. 136 ; Bouleng. Cat. Hn. 
iii. p. 248. 

1. Michelaps BicoLOBATUS Stei'iif. Hitzb. Ges, Nat. Fr. Berl. 
1908, p. 93: 

British East Africa. 

19. Miodun. 

A. Dum. Arcli. Mus, x, 1859, p. 206: Bouleng. Cat. Sn. iii. 
p. 249. 

SynopBU of the iSpf^riP«, 

^Frontal slightly broader than supraocular, G to U us long as 

broad... M^^ahomunui, 

Frontal much broader tban the supraocular, a little longer than 

broad ;«nasal entire . JM.ehruftifL 

Frontal much broader than the sntirAocular, ns broad ns tong . .. if.^ronrW. 
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1. MioDCN GAUONENSIS. 

Elapomorpkm ga^)ontnHk A. Diim. Rev. ot Mag. Zool, (2) viii. 
J856, p. 468. 

Mioilon gafmnflnsis Houleng. t, c. p. 262. 

Old Calabar to (Jongo ; Cerinan East Africa. 

2. Miodox cmiustyj Houlnig. Ann. Sl Mag. N. II. (7) xii. 1903, 

m. 

.‘1. Mioiiox <;rai;kri Sicrnf. iSitzb. Ces. Nat. Er. llerl. 1908, 
}». 94, and Faun. l)<Mit.s<*h. Kolon. iii. 2, p. 34, fig. 

Cgiiiida. 

IVrliaps iiof .spec!6rally distinct from tbo pi*c(*cdijig. 

2fK Apauall.V(’Ti^s. 

A. Smith, Ill. Zool. S. Afr., Rcjd. Aj>|). p. 15; Ihmlcng. t'nt. 
Sn. iii. p. 255. 


SpHOpfilft o/ tin* SpPfUf'S. 


I. Sjnot ill rontart witli tlu' 

A. Two ill amtoct with a tomiHiral; iiusal iiitiro, in contacl with 

till' iira'ooului. 

'rhiril aiitl fourth uj»|m‘i* lahiaU onteriii^ th<» ovo J.JttrlsoHu, 

Second and third uiukm’ lahmlh enterinp; tin* oyc* J. wirnert. 

It. \ sin>;h* |Mistocular ; one upjkm* Inlnal in coiitart with tin* panetal. 

Nasal entiiv, not in contact with pricocnlai .. J. cowtWor. 

Nasal divided, in contact with pnHH’ular: iijipcr part of 

rostral about one third its distance fiom frontal A. hunilafvs. 

Nasal divided, in contact with pneocuhn ; upper part of 

rostral two thirds its distance trom frontal A. x'tn'istjifi. 


IJ. Syiiiplivsial in contact with the chin-shields. 

A. Third and fourth njiper labiuls entering the e>e. 
Nasal divided ; siihcaudals id-50 
Nasal entire; suhcuuduls 87 58 ... 

H. Soeoiid and third upper labials entering the eye. 
V'entrals 110-140 . 

Veiitrals 157-102. 


A. (fufufln>n. 

A. ef//>c«.vis. 

A. nti/i'ic(f^ps. 

A. pnnei aiolinmins. 


1 . ApAKALLACTLS JACK«<)X 1 T. 

Uriechift pu'ksnuil (lUiiih. Ann. A Mag. N. H. (6) i. 1888, 
p. 326, pi. xix. llg. E. 

^ ApuralUwtus jach'snvit Mouleiig. t. c. p. 256. 

Kaat Africa. 

2. Aparallactus \vi5UM5iu Bouleng. Ann. A Mag. X, IL. (G)xvi, 
1895, p. 172, and Oat. Sn. iii. p. 257, pi. xi. lig. 1. 

Vsambara, Cerninn Ka><t Afriiti. 
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3. Aparallactus concolor. 

Uriechia co'iwolor Fischer, Jahrb. Hamb. Wise. Ansfc. i. 1884, 
p. 4, pi. i. 

AparMactua concolor Boiileng. Oat. Sn. iii. p. 257. 

Uganda and Somaliland. 

4. Aparallactus LUNUiiATus. 

Uriechis lunulatus Peters, Mon. Berl. Ac. 1854, p. 623, and 
Beise Mossamb. iii. p. 113, pL xviii. 6g. 2. 

Aparallactus lunulatus Bouleng. t. c. p. 258. 

Lake Tanganyika, Nyassaland, Mozambique. 

5. Aparallactus christyi Bouleug* Ann. & Mag. N. H. (8) v. 
1910, p. 512. 

Uganda. 

6. Aparallactus guentheri Bouleng. Ann. & Mag. N. H. (6) 
xvi. 1895, p. 172, and t. c. p. 259. 

East and Centi*al Africa, S. Bhodesia, Angola. 

7. Aparallactus capensis A. Smith, Ill. Zool. H. Afr., Kept. 
App. p. 16 ; Bouleng, Cat. Sn. iii. p. 259. 

East and South Africa, Katanga. 

8. Aparallactus nioricbps. 

Uriechis nigrioeps Peters, Mon. Berl. Ac. 1854, p. 623, and 
Boise Mossamb. iii. p. Ill, pi. xviii, fig. 1. 

AparoMactus nigrioeps Bouleng. t. c. p. 260. 

Mozambique and Nyassaland. 

9. Aparallactus puIJotatolineatus Bouleng. Ann. Mag. 
N. H. (6) xvi. 1895, p. 173, and Oat. Sn. iii. p. 261. 

Nyassaland, Angola. 


0. Proteroglypha. 

, (Loreal absent in all the genera.) 

I. Tail compresaed; no distinct vantrals (Manne) . Mydrus, 

II. Tail not compressed; ventrals large, 

A. Head short; snout broader than long; body cylindrical; aabcaudals less 

than BO. 

Scales not at all oblioue; ventrals 192-198; subcaudals 67-78 . JBouleng&nina, 

Scales more or less oblique, sometimes veiyr slightly; ventrals 141- 

172; subcaudals 18-26 .». S!lapeehi$, 

Ecales oblique; ventrals 180-228; subcaudals 60-72 .. 2V«|a. 

B. Head long, narrow; anout not broader than long; body 

slightly compressed; scales very oblique; ventrali 202- 

270; subcaudals 97-121.... Pendranpis. 
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1. Hydrus. 

Schneid. Hist. Ampb. i. p. 233; Bouleng. Oat. »Sii. iii. p. 260. 

1. Hydros platurus. 

Anguis platura Linn. 8. N. i. p. 391. 

Hydras platurus Bouleng. t. c. p. 207. 

Indian and Pacific Oceans. 

2. Boulexgerina. 

Dollo, Bull. Mus. Belg. iv. 1886, p. 159; Bouleng, Cat. Sn. iii. 
p. 357. 

1. Boulengerina STORMS! Dollo, 1. c.; Bouleng. 1. c. 

Lake Tanganyika. 

3. Elapecuis. 

Bouleng. Oat. Sn. iii. p. 358. 

Sf/nopsis of the Species* 

Scales in 13 rows ; intcrnnsnls rnuoli shorter than the ))ra>fronta1s.. E. quentheri. 
Scales ill 13 rows; intcnmsals three fourths the leng:lh of the 

pnnfroiitals . . E, nitfer. 

Scales in 15 rows: intertia*<als hanily half as long us the pr.'p* 

frontals . . . .... E, honlenfferi, 

1. Elapecuis guentiieri, 

Elapsoidea guentiieri Bocage, Jorn. Sc. Lisb, i. 1866, p. 70, 
pi. i. Og, 3. 

Elapechis g^tentherl Bouleng. t. C. p. 359. 

Trojiical Africa, from tho Oaboon and Uganda to Angola and 
Nyassaland. 

2. Elapecuis Niger. 

Elapsoidea nigra GUnth. Ann. ck Mag. N. H. (0) i. 1888, p. 332. 
Elapechis niger Bouleng. 1. c. pi. xx. fig, 1, 

East Africa, Congo, N. Rhodesia. 

3. Elapecuis boulengeri. 

Elapsoidea boulengeri Boettg, Zool. Anz. 1895, p. 02. 

Elapechis boulengeri Bouleng. t, c. p. 361. 

Zambesi. 

4. Naia. 

La,ur. Syn. Kept. p. 90; Bouleng. Cat. Sn. iii. p. 372. 

Synopsis of the Species, 

Sixth (rarely seventh) upper labial largest and deepest; eye 
separated from the upper labials by auboculars; a single 

anterior temporal. JY. hate. 

Sixth upper labial largest and deepest, in contact with lower 
postooulnr, third and fourth entering the eye; a single 

anterior temporal. JS", melctnoleuea. 

Third upper labial deepest, sixth not in contact with postocular, 
thira or third and fourth entering the eye; 2 or 3 superposed 
anterior temporals .. ]V: nigrimllh. 
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1. Naia HAIE, 

Coltiber haie Linn, in Hasftelq. Reise Palest, p. 366. 

Naia haie Bouleng. i, c. p. 374. 

Borders of the Baliara, East Africa southwar’ds to the Trans¬ 
vaal and Zulaland ; Palestine, Arabia. 

2. Naia MELANOLErcA. 

Naia haie^ var. vielanoleuca Hallow. Prnc. Ac. Philad. 1857, 
pp. 61 k 72, 

Naia melayioleiica Bouleng. t. c. p. 376. 

Tropical Africa, fmni TTganda and the (lold Coast to Nmssaland 
and Angola. 

3. Naia nioricollis Reinh. Vhl. Scdsk. Skrift. x. 1843, p. 261), 
pi. iii. figs, 5-7; Boaleng. t. c. p. 387. 

Senegainbia and Cpper Egypt to Hecdinanal.and and Natal. 


5. Dendraspis. 


Schleg. Versl. Zool. (len. Arnstord. 1848 ; Bonleng. ('at. Sn. iii. 
p. 434. 


Synopsis of thp Spends. 


A larjre uppor tpuiporal, in contact with the whole outer holder of 

the parietal; scales in 15 to 19 rows. 1>,Jamv»onii. 

Two upper toinponils, iu contact with the outer h<#rder of the 
parietal, the second separated from its fellow on the other 
aide hy 3 or more scales or shields; scales in 19 to 23 rows If. ant/nHivaps. 

Two upper temporals, in contact with the outer liorder of the 
parietal, the second separated from its fellow on the other siile 
hy a sinpfle shield ; scales in 19 rows. If. sjonttedti. 


1 . DeKDRASPIS JAMES^IJ. 

Elaps jamesomi Traill, in Hchleg. Phys, Serp., Engl, Transl. 
p. 179, pi. ii. ligH. 19 k 20. 

Dmdraspis jarmsonii Bouleng. t. c. p, 436, 

Tropical Africa, from Uganda and Nigeria to the Congo and 
Angola. 

2. DbKDRASPIS AKGUSTICEPtl. 

Naia angmticeps A, Smith, 111. Zoo). S. Afr., Ke[)t. pi, Ixx, 
Dendrcbspis angmticeps Bonleng. t. c. p. 437. 

East and Central Africa, Angola, South Africa, 

3. Dekdraspis 6JOESTEDTI Lonnb. Wiss. Ergebn. Exped. 
Kilimandj.^Mem, Kept. p. 17. 

British East Africa. 

Perhaps based on an abeimnt speed men of the preceding 
species. 




SNAKES OF EAST AFEICA. 


637 


Family V j p e n 11 > 

Synopsis of ths Genera, 

I. Kye moderate or large, separated from the upper by Huboculars; vcntraU 

leaa than 180. 

Upper surface of head covered with large symroetricAl shielde; 

pupil round . . 

Upper surface of head covered with scales; nasal in contact with 
rostral or separated by a single (naso-rostral) shield; pupil 

vertical; subcaudala in two rows ... . ... . Ft/wo. 

Upper (turfaoe of head covered with scales; nasal separated trom the 

rostral hy small scales; pupil vertical; suhcaudals in two rows. "Btiiti, 

Upper surface of head covered with scales; puinl vertical; sul)- 

caudals single; tail prehensile . Athens, 

IT. Eye minute, with round pupil; upper surface of head covered 
with large symmetricsl shields ; no loreal; a small prs^oculur 
usually present; ventrnls 178-350. Atractenefris, 

1. Causus. 

Wagl. Sy«t. Amph. p. 172; Houlen^. Oat. Sn. iii. p. 465. 

Sjfnopsis of the. Spexiks, 

I. Scales in 17 rows or more; suhcaudals all or greater part in tw'o row*.. 


Knout obtuse, moderatel)” prominent; ventrals 120-165 ... C. rhomb eat us. 

Snout prominent, often more or less distinctly turned up at the 

end; scales in 19 to 22 rows ; ventrals 134^152 .... C. resitmis. 

Knout prominent, more or less turned up at the end; scales in 

17 rows; ventrals 110-125. C.d^lippn, 

11. Scales in 16 rows; suhcaudals single . . . C. liehtemfeinii. 


1. Causus rhombbatus. 

Sepedon rhomheatus Licht. Terz. I'lonbl. Mus. llerl. p. 106. 
Gafistui rkomheatm Bouleng. t, c. p. 467. 

Tropical and South Africa. 

2. Causus resimus. 

Heterophis resimm Peters, Mon. Berl. Ac. 1862, p. 277, pi. —, 

fig. 4. 

CauBtts resimus Bouleng. t. c. p. 468, 

East and Central Africa ^ Angola. 

3. Causus defilippu. 

JTetefodon deMippii Jan, Arch. Zool. Anat. Phys. ii. 1862, 

p. 226. 

Causus d^/Uippii Bouleng. t. c. p. 469. 

East and Oentiml Africa, S. Rhodesia, Transvaal. 

4. Causus zjoffCBKSTEiNii. 

Aspidehtps Jan, Rev. et Mag. Zool. 1859, p. 611. 

Cemeus UtAtemhsmii Bouleng. t. c« p. 470. 

Tropical Africa, from the Gold Coast and Uganda to the Congo. 
Pnou. Zoot. Soo.~1916, No. XTJV. 44 
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2. ViPBBA. 

Laur. Syn, Bept. p. 99; Botdeng. Cat. Sn. iii. p. 4T1. 

Two species;— 

No supraocnlar! anterior xuuial t^rated fiom the rostral by a 

nasoorobtial Mndii, 

A large sapraocular; anterior nasal m contact with the rostial . V» »uperc%l%ariw. 


1. Vipkea hindh Bouleng. Ann. & Mag* N* H. (8) v. 1910, 
p. 613. 

Kenya district, East Africa. 

2. Yipera SOFEBCILIARIS Petors, Mon. Beri. Ac* 1854, p. 625, 
and Beise Mossamb. iii. p. 144, pi. xxi.; Bonletig. Cat. Sn. iii. 
p. 491. 

German East Africa at Oape Delgado. 


3* Bins. 

Gray, Zool* Miscell. p. 69; Bonleng. Oat. Sn. iii* p. 492. 


Synopsis of ths Speoies^ 

One or two stnes of scales between the nasal and the nMtml, 

nostiiK diiected uuwRixls B artetawF 

4 01 6 senes ot scales between the iiaaal and the rostral ; a single 
enlaiged, sometimes hom-ltke eeale above the iiiteruasal, in 
contact w ith its iellow H. ^abontctr. 

4or6senes ot scales between the nasal and the rostral; 2 oi 3 
enlaiged, hoin-like scales aliove the inteniasal, usually with 
small scales between them and tlieir fellows . B. nwefcenstiiu 


1. Bins ABIETAK3. * 

Yipera arieUMw Merr. Tent. p. 152. 

£itia arxeUms Bouleng. t. c. p. 493. 

Tropical and South Africa \ Southeiii Arabia* 


2* BmSQABONlOA* 

Echidna gabonica Dum* & Bibr. Erp* G4n. vii* p. 1428, 
pi. Iexx. b, 

JBUis gabonica Bouleng. t* c* p. 499* 

Tropical Africa. 

3. Bms KA81CORNXS. 

Cotaber nasioornU Shaw, Nat. Miscell. iii. pU xeiv* 

Bttte nmicomis Boalengir t* c* p. 600* ^ 

Tropical Afrioa* 
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4. Athbris. 


Cope, Proc. Ac. Philad. 1862, p, 337; Bouleng. Cat. Sn. iii. 
p. 508. 


Synopsis of the Species, 


No borti-like Bupercilinry Bcales; BcaleB in 16 to 26 rows; gular 


Bcales strongly keeled. . .. J. $quamiger. 

No horn-like superciliary scales; scales in 25 to 32 rows ; gular 

scales smooth or very feeblv keeled . J, nUschei. 

Several erect, horn-like superciliary scales; scales in 26 rows ... A. ceratophorM. 


1. Athbris squamiger. 

Echis squamigera Hallow. Proc. Ac. Philad. 1854, p. 193. 
Atheris sqvamiger Bouleng. t. c. p. 509. 

Uganda, Central Africa, West Africa from Calabar to Angola. 


2. Atheris nitschei Tornier, Zool. Jahrb., Syst. xv. 1902, 
p. 589, fig. 

Athbris woosnami Bouleng. Ann. k Mag. N. H. (7) xviii. 1906, 
p. 37, and Tr. Zool. Soc. xix. 1909, p. 246, pi. ix. 

N.W. and E. of Lake Tanganyika, and Mt. Ruwenzori. 


3. Atheris ceratophorus Werner, Verb. Zool. bot. Ges. 
Wien, xlv. 1895, p. 194, pi. v. fig. 1; Bouleng, Cat. Sn. iii. 
p. 510. 

German East Africa and Togoland. 


5. Atractaspis, 

A. Smith, 111. Zool. S. Afr., Kept.; Bouleng. Cat. Sn. iii. 
p. 510. 

Synopsis of tJie Species. 

I. Anal divided ; all or most of the subcaudals paired; scales in 23 to 27 rows. 


Snout rounded ; one postocular; third lower labial largest . A, irretfularit. 

Snout pointed; one postocular: third low'er labial largest . .. A, conradMi, 
Snout rounded; two postoculars; fourth or fifth lower labial 

largest. A. bipottoeularig. 


II. Anal entire; all or most of the subcaudals single. 

A. Postocular in contact with a large temporal. 

Snout cuneiform; first lower labial in contact with its fellow 
behind the symphysial; scales in 23 rows; veutrals 227- 

248 . A. rosiratft. 

Snout rounded; first lower labial in contact with its fellow 
behind the symphysial; scales in 19 or 21 rows; ventrals 

261-800 . A. aierrima. 

Snout rounded; symphysial in contact with the chin-shieldH; 

scales in 26 rows; ventrals 242 .. A. hatangte. 

B* Temporals small, 2 or 3 superposed in front; snout snb- 

enneiform ; scales in 20 to 87 rows; ventrals 212-246. A. microUpidota. 

44* 
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1. AtHACTASPIS 1RRBOT7LARI8. 

Elaps h'regidaris Beinh. Vid, Selsk. Skrift, x. 1843, p, 264, 
pi. iii. iigs 1-3. 

Atractaapis irregularis Bouleiig. t. c. p. 613, 

From the Gold OoAst and Uganda to the Congo. 

2. Atractaspis COKRAD8I Stemf. Sitzb. (les. Nat. Pi\ Berl. 
1908, p. 94. 

Uganda and German East Africa. 

3. Atractaspis BiPOSToruLARis Bonleng. Ann. & Mag. N. H. 
(7) XV. 1906, p. 190. 

Mount Kenya. 

4. Atractaspis rostrata Gunth. Ann. & Mag. N. 11. (4) i. 
1868, p. 429, pi. xix. fig. i.; Houleng. Cat. Mn. iii. p. 614. 

East Africa and Nyaasniand. 

5. Atractaspis aterrima Gunth. Ann. 4b Mag. N. H. (3) xii. 
1863, p. 363 ; Bouleng. t. c. p. 516. 

Uganda and West Africa, from the Gold Coast to the Niger. 

6. Atractaspis katanoas Bonleng. Ann. Mus. (\mgo, Zool. ii. 
1901, p. 13, pi. V. fig. 2; Steruf. Mitth. Zool. Mna. Berl. 1911. 
p. 386. 

Katanga and German East Africa. 

7. Atractaspis MicnoLEPinorA Gunth, Ann, ct Mag. N. U. 
(.3) xviii. 1866, p. 29, pi, vii. ; Bouleng. Cat. Sn. iii. p. 617. 

East and Central Africa* 
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46. A List of the Snakes of North-East Africa, froiii the 
Tropic to the Soudan and Somaliland, including 
Socotra. By G. A. Boulkn(4EH, F.R.S., F.Z.S.* 

[Kticeived Octubui* 4, 1915 ; Hoiul November 23, 1916.j 


(iliOt^UAPlllC AI. : 

N.E. AtrivH, List of Suakest . 641 

Systbmatic ; 

Keys to the identification of the Snakeh of N.K. Africa . 641 


With this list tlie Opliidian fauna of Etist anil Central Africa 
is completed, only two divisions remaining to he dealt with, 
viz., West AfricJi north of the Congo, and North Africa, 


Synops 'm of the Fam ilies. 

I. Worm-like, \Aith small inferior mouth ; eyes hidden or visible under the head- 
itliieldM, and foody covered with uniform imbricate scales above and beneath. 
22 or more scAiles round middle of body; ocular not borderiitij; the 

mouth: tail not or but little loii|;:er than bioad . TYPULOPiuai. 

14 scales round middle ot body . (iLAncoNiiiiJt. 

11. Mouth lar{^e, e}cs expostnl; Imdy w^itli enlai'ged shields beneath (except iu 
the marine f^eiins H^drm), 

Ventral Hhields much narrower than the body; suiiraocular, if 


distinct, broken up into two or more shields; scales on 

anterior part of body smooth. 

Ventral shieUis at least nearly as broad as the body ; supraocular 

single; poison-fangs, if present, not in a \ery large sheath .. CoicimiD.fi. 
Ventral shields at least nearly as broad as the body, or upper sur- 
tace of lunid i'u\eied with small scales; poison-tangs iuu \ery 
large sheath below the e\e . ViPEBlDU. 


Family T \ p ii l o i» 11 ) at.. 

A 8ij]gle genu8. 

1. Typhlops. 

Sclineicl. Hi.st. Ampli. ii. p. *L'{9 ; Bouleug. Cat. Sti. i. p. 7. 

SyuopsiH of the Species, 

I. Suout rounded or with obtuseU angular lioriAoutal edge. 

A. Rostral uot moi’e than one-third wndth ot head; eyes distinct. 

Snout rounded; 24 scales round middle of laaly, the diameter of , 

which is 37 to oU times in total length . T. foeotrauus. 

Snont much depressed; 22 scales round middle of body, the 

diameter of which is 20 to 30 times in total length . T. euneirottria. 

B. Rostral very broad. 

Rostral half width of head; 30 scales round middle of body, the 

diameter of which is 30 to 40 times in total length . T, hlanforJii. 

Rostral more than half width of head; 26 to 30 scales round 
middle of bialy, the diameter of w'hich is 2t to :i0 tiuu^s iii 
total length . T. puuvtatua. 


^ Puhlisheil by permis»nm of the Trustees of the Hritish Museum. 
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II. Snout witb «hftrp horiaontal edgo. 

No Bubocular} 28 oeates round middle of body, the diameter of 

which is 65 times in total length . 

Mb subocular; 24 scales round middle of body, the diameter of 

which is 90 times in total length . 

A large subocular, separating the small ocular from the upper 
labials; 24 scales round middle of body,.the diameter of 
which is 60 to 68 times hi total length . 


T, aeuiiro9tri« 
T. eemaliene 

T, wiitami 


1. TrPHLOPS BOCOTAAEU8 Bouleng. Ann. & Mag. N. H. (6) 
1889, p. 362, and Cat. Sn. i. p. 21, pi. ii. fig. 2. 

Socotra. 

2. Typhlops cuNEiaosTBis Peters, Mon. Berl. Ac. 1879, p. 775, 
pL —, fig. 4; Bouleng. Cat. 8n. i. p. 32, and Ann, Mus. Oenova 

(2) xvii. 1896, p. 10. 

Somaliknd. 

3. Typhlops bianfobdii Bouleng. Ann. & Mag. N. H. (6) iv. 
1889, p. 363, and Oat. Sn. i. p. 39; Peracca, Boll. Mus. Torin. xii. 
no. 273, p. 1. 

Abyssinia, Erythrea. 

4. Typhlops pXjnctatus Leach. 

Bouleng. Cat. Sn. i. p« 42. 

Typhlops adolphi Sternf. Mitth. ZooL Mus. Berl. v. 1910, p. 70. 
Tropical Africa, as far north as the Gambia and the Bahr el 
Gebel; not recorded from Somaliland. 

5. Typhlops acutibostbis Mooquard, Bull. Mus. Paris, 1905, 
p. 77. 

Shoa. 

6. Typhlops somalicus Bouleng. Proc. Zool. Soc. 1895, p. 536, 
pi. XXX. fig. 1, and Cat. 8hi. iii. p. 589. 

Somaliland. 

7. Typhlops UNiTiBNiATus Peters, Mon. Berl. Ac. 1878, p. 205, 
pi. ii. fig. 5; Bouleng. Oat. Sn. i. p. 55, and Ann. Mus. Genova 

(3) V. 1912, p. 331 (var. atamudus). 

Somaliland and British East Africa. 


Family GLAUooKiinjE. 

A single genus. 

1. Glahcoeia. 

Gray, Oat. Liz. p, 139; Bouleng. Cat. Sn. i. p. 59. 

Synopsis of ths Speoiss, 

L Oottkr borderhig the msuili,. 

0, msefarhymhss. 


A. Saimtiiioiuiwlesssti^QiMly ho(A»dihpr^^ 


! diimieter 
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Bostral not extending^ to the level of the eyes; diameter of 

body 100 to 140 times in total len^h. Q,Jiliformi$, 

Rostral not extending to the level of the eyes; diameter of 

body 40 to 48 times in total length. macrura. 

B. Snout not hooked. 

Supraocular nearly twice as broad as long; diameter of body 

60 to 66 times in total length . Q-, eminu 

Supraocular small, longer than broad; diameter of Ixxly 38 

times in total leiigtn . Q. reticulata* 

Supraocular small, not or but little broader than long; diameter 

of body 66 to 90 times in total length . G-. eairi. 

II. Ocular not bordering the mouth; diameter of body 42 
times in total length . O, dieaimilie. 


1. Glauoonia macrorhynchus. 

Stmoaioma Tnacrorhynchtm, Jan, Arch. Zool. Aiiat. Phys. i. 
1862, p. 190. • 

Glaucmiia macrorhynchtta Bouleng. Cat. Sn. i. p. 61. 

GUmconia algerie'iiaia Jacquet, Bibl. Aiiat. iv. 1896, p. 79, 6gs. 
Nubia, Algeria, Mesopotamia {?), Persia. 

2. Glaucoma filiformis Bouleng. Bull. Liverp. Mus. ii. 1899, 
p. 7, and Bep. Sokotra £xped. p. 88, pi. xi. fig. 2. 

Socotra. 

3. Glauconia macrura Bouleng. Rep. Sokotra Exped. p. 89, 
pi, xi. fig. 3. 

Socotra. 

4. Glaucoma emim Bouleng. Ann. & Mag. N. H. (6) vi, 1890, 
p. 91, and Cat. Sn. i. p. 64, pi. iii. fig. 8. 

Central and East Africa, as far north as Somaliland and 
Abyssinia. 

5. Glaucoma reticulata Bouleng. Ann. & Mag. N. H. (7) xviii. 
1906, p. 441. 

Goolis Mts., Somaliland. 

6. Glaucoma cairi. 

Stenoatoma caiH Dum. & Bibr. Erp. Gen. vi. p. 323. 

Glauconia cairi Bouleng. Cat. Sn. i. p. 66. 

Egypt, Nubia, Abyssinia, Somaliland, Mauritania. 

7. Glauconia dissimilis, 

iStenoatoma diaaimile Bocage, Jorn. Sc. Lisb. xi. 1886, p. 174. 
Qlaueonia diaaimilia Bottleng. t. c. p. 70. 

White Nile. 

Family Box das. 

Two genera: — 


Upper surfime of heitd with shields; rostral and anterior upper labials 

deeply pitted; subcaudals in two rows . Pjfthou, 

Upper surface of head with small scales; tail very short, subcaudals 
iingle.......... 
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1. Python. 

Daud. Hist. Kept. v. p. 266 ; Bouleng. Cat. Hn. i. p. 85. 

Two Hpecies:— 

Two upper labials pitted; 79-05 acalea acroea thiekeet part of body; * 

ventrala 290-886; aubcaudals 58-88 . . P. 

Four upi^er labials pitted; 58-63 scales across thickest part of body ; 

ventrals 196-207; subcaudals 80-87 . P. rssjfiaf* 

1. Python 8isBA£. 

(^otAiher aelHB Gmel. S. N. i. p. 1118. 

Pyih,<ni Behm Bouleng. t. c. p. 86. 

Tropical and South Africa, as far north as Senegambia and 
the White Nile.* 

2. Python requts. 

Boa regia Shaw, Zool. iii. p. 847, pi. xevi. 

Pyihm, regiuA Bouleng. t. c. p. 88. 

Seneganibia to Niger, eustwai'ds to the Egyptian Soudan. 

2. Eryx. 

Daud. Hist. Kept. vii. p. 251; Bouleng. Cat. Sn. i. p. 122. 

Two 8pecies:— 

Tail eliding hi a conical scute; scales in 47 to 58 txiws, keeled on 

posterior part of body . K» thehalcm. 

Tail endiiiff in a euived, dHw*ltke scute; scales in 41 to 45 rows, all 

nmootii. . £. muelleri. 

1. Ekyx TUEBAlcus Keiifis, !Mu 8. Senckeiib. i. 1834, p. 134; 
Bouleng. t.c. p. 125. 

Upper Egypt to German Enet Africti. 

2. ErYX MUBULERl. 

.Gongyhphia ’bouleng. Ann. & Mag. N. II. (6) ix. 1892, 

p. 74. 

ISryx nimUeri Bouleng. Cat. Sn. i. p. 128, pi. v. fig. 2. 

Egyptian Soudan, Mauiitanui, N. Nigeria, Togoland. 

Paiiuly iJoLUBnjDjK. 


Thi^ parallel eeries:— 

No ))oiiKin-faiig8; all the teeth solid . A. Aglypha. 

Pniaon-fangs behind ... B. Opiathoglypha. 

PoisoD*taugs in front.*.. C. Proteroglypha. 


A. Aglypha. 

J, Koatril between two nasals, or between two iinsHls and the interuasal; lorea) 
present. 

A. At least one upper labial bordering the .eyo. 

1. Pupil round; scales in 19 or 21 tows; no iubocular; a single anterior 
temporal. * 

Beales in 19 sown; ventrals 181-150; anid divided; subcaudals 
55-96 ...■. 


Trejfkh»o4M, 
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ScaloK ill 21 rowM; veiitrak 174-198; aual entin*: subcaudalH 3&- 

41; a deep groove above 6th and 8th upper labialH. Vaeudohoodun, 

2. Pupil vertically elliptic. 

a. Anal entire; a aingle anterior temporal. 

Kcalen smooth, in 21 33 rows . Jffoodon, * 

Scales smooth, in 17 rows . T^cophidium, 

Scales strongly keeled, vertebials bicarinate . Simocaphalua. 

b. Anal divided. 

Scales in 21 rows; ventrals 216 ; subcaudals 67-70 . Jelvroglena, 

Scales in 19 rows; ventmls 160-188; subcaudals 36-46; rostral 

angularly bent, detached at the sides . Lgtorhpnehm, 

3. Pupil round; scales in 16-23 rows; ventrals 150 or more, or, if less, 

subcaudals 1(X) or more: loreal not more than twice as long as deep. 

a. One or two suboculars below' the prmocular; frontal 

not twice as long as broad . . 2kimenis. 

b. No subocular ; frontal not twice as long as broad. 

Scales in 16 rows; ventrals 160 193; subcaudals 77-123, without 

a keel . ... . Chltrrophia, 

Scales in 16 row's ; ventials 166 -207; subcaudals 112-167, with a 

atrongkeel. Philothamuus. 

Scales in 21 rowa; ventrals 176-224; subcaudals 63-88 . Coronella. 

e. No Hubocular; frontal at least twice as long as broad ; 
scales in 15 rows; veiiiruls XtlO-113; KubcRiidalN 
100-128 .. . Gragiti. 

H, Kye separated from the ujiper labials by a s^'ries of sub- 
oculurs; snout with angular hori'/.oiital edges : scules in 
19-26 rows. Ucaphiophia* 

11. Nostril ill a single or hemidivide<l nasal. 

H. Scales smooth, in 15 row s. 

1. Nasal semidivided, with a longitudinal cleft behind the nostril; internasal 

and pnefroutul single. 

Hostral with angular horizontal inlge . Proagmna, 

liostral with obtuse horizontal edge . Aalhenophia, 

2. Nasal entire; internasal and pnefrontal paired. 

Ventrals 162; anal divided ; subcaudals 69. Conlia, 

Ventrals 113-14i; anal entire; subcaudals 19-46 . Homahaoma, 

B. Scales strongly keeled, in 23-27 rows ; no loreal . Vaagpeltia. 

1. Trofidunoti 8. 

Kuhl, Bull. Sc. Nat. ii, 1824, p. 81 ; Bouleng. jUat. 8ii. i. 
p. 1B2. 

1. TlloriDONOTUS OLIVACEUS. 

<*m*onella olivtucea Peters, Mon. Bei-l. Ac. 1854, p. 622. 
Tropid>onohiH olivcLceuH Bouleng. t. c. p. 227. 

I'ropical Afi'ica, from the Soudan to Angola, Damaraland, and 
Southern Rhodesia. 

2. I^SEUJKIBOODOX. 

i’eracca, Boll, Mus, Torin. xii. 1897, no. 273, p. 1. 

1. PSEUDOBOODON GASCAS. 

Peracca, t. c. p. 2, fig. 

lAJbmpi'ojthis ab^ssinicHg Moctpiard, Bull. Mus. Pari.*!, 1906, 

p. 249. 

Erythi'ea, Ahyssiiiia, 
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Boobok« 

Dum. & Bibr. M^m. Ac. So. xxiii. 1853, p. 450; Bouleng. 
Oat. Bn. i. p. 327. 

Synoptia of ike Species. 

I. Scales in 21 or 28 rows; preocnlar not extending to upper surface of head. 
Three upper lahials entering the eye; a single anterior temporal . B. ImnnUeatv^. 
Two upper labials entering the eye; 2 or 3 superposed anterior 

temporals . 3. trlang^ri. 

II. Scales in 26 to 88 rows; prnocular extending to upi>er surface of head. 
Parietals longer than the distance between the frontal and the end 

of the snout . B. UnMtw. 

Psrietals as long as the distance between the fr<mtal and the end 

of the snout . B.J\il%gino9S9. 

1. Boodok lbmniscatus Bum. & Bibr. Erp. G4n. vii. p. 365; 
Bouleng. t. c. p. 329. 

Lamprophis rogeri Mocquard, Bull. Mus, Paris, 1904, p. 807, 
and 1905, p. 289. 

Abyssinia. 

2. Boodon EBLANGEBi Steruf. Sitzb. Ges. Nat. Fr. Berl. 1908, 
p. 92. 

Somaliland. 

3. Boodon lineitus Bum. & Bibr. Erp. Gdn. vii. p. 363; 
Bouleng. t. c. p. 332. 

Tropical and South Africa; S. Arabia. 

4. Boodon fuliginosus. 

Lycodon fidiginoeuB Boie, Isis, 1827, p. 551. 

Boodoti J^igimeue Bouleng. t. c. p. 334. 

Mauritania to N. Nigeria, eastwards to the Egyptian Soudan. 

# 

4. Lyoophidium. 

Dum. & Bibr. Mdm. Ac. Sc. xxiii. 1853, p. 462; Bouleng. 
Gat. Sn. i. p. 336. 

Two species:— 


Bostral nearly twice as broad as deep... X. eapenu, 

Bostral but uttle broader than deep .. X. ahj/ninieum. 


1. Lyoophidium OAPBNSE. 

Lyeodon capeneie A. Smith, S. Afr. Quart. Joum. i. no. 5, 
1831, p. 18. 

Lyoophidsmri capense Bouleng. t. c. p. 330. 

Tropical and South Africa. 

2. Lyoophidium abyssinzoum Bouleng. t. c. p» 342, pi. zxii. 
fig. L 

Abyssinia. 
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5 . 81MOCSPHALU8. 

GUnih. Oat. Col. Sn. p. 194 ; Bouleng. Cat. Sn. iii. p. 344. 

1. SiMocfiPHALUS BUTLERi Bouleng. Ann. Mag. N. H. (7) xx. 
1907, p. 489, and Ann. Muh. Genova (3) v. 1911, p. 164. 

Mehelya admalienshi Ldimb. <& AndersK. Ark. f. Zool, viii. 1913, 
no. 2, p. 2. 

Egyptian Soudan, Southern Ethiopia, Somaliland. 


6. Zamenis. 

Wagl. Syst. Amph. p. 188 ; llouleng. Cat. Sn. i. p. 379. 


Synopsis of the Species^ 


1. Scales in 15 rows; veiitrals 173... 

II. Scales ill 19 rows. 

Vciitnils 213-202; sulM'audals 113-154 . 

Vciitrals 159; subcaudals 70. 

111. Scales ill 21 (rarely 23) rows; tHO labials enteriiiic the eye. 

9 or 10 upper labials; voiitrals 171-187 . 

9 iijiper labials; veiitrals 20O-22K. 

S upper labials; veiitrals 195 . 

1\^. Scales ill 23 rows; a single labial entering the C)e; 
veiitrals 219-228 . 


Z. somalicus, 

Z. rhotlorhaehis, 
Z. bretfis. 


Z. 

Z.florulenfut, 
Z, citemiu 


Z. sncotne. 


1. Zamenis somalicus Bouleng. Ann. Mus. Genova (2) xvii. 
1896, p. 11. 

Somaliland. 

2. Zamenis riiodoriiachis Jan, in I)e Filippi, Viagg. Pers. 
p. 356 ; Bouleng. Cat. Sn. i. p. 398. 

Egypt to Somaliland ; S.W. Asia. 

3. Zamenis brevis Bouleng. Ann. Mus. Genova (2) xv. 1895, 
p. 13, pi. iii. fig, 3, and Cat. Sn. iii. p. 623. 

Somaliland. 

4. Zamenis smithii Bouleng. P. Z. S. 1895, p. 536, pi. xxx. 
fig. 2, and Cat. Sn. iii. p. 624. 

Somaliland. 

5. Zamenis florulentus. 

Coluber florulentus Geofifr. Descr. £gypte. Kept. p. 146, 
pi. viii. fig. 2. 

Zamenis florulentus Bouleng. Cat. Sn. i. p. 402. 

Egypt to Somaliland. 

6. Zamenis citernu Bouleng. Ann. Mus. Genova (3) v. 1912, 
p. 331. 

Somaliland. 
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7. Zamenis socotbjb GUnth. P. Z. S. 1881, p. 463, pi. xli.; 
Bouleng. Cat. Bn. i. p. 408. 

Socotra. 

7. Asluboglexa. 

Bouleng. Ann. & Mag. N. H. (7) ii. 1898, p. 132. 

1. Aeluboglbxa cucullata Bouleng. 1. c. 

Somaliland* 

8 . LYTOBHYKCHUe. 

Peters, Mon. Berl. Ac. 1862, p. 272; Bouleng. Cat. Sn. i. 
p. 414. 

1. Lytobhynchus biajdema. 

Heterodon diadema Dum. & Bibr. Erp. Gen. vii. p. 779. 
Lpiorhyrtchus diadenia Bouleng. t. c. p. 415. 

Algerian and Tunisian Sahara, Tripoli, Egypt, Nubia; Ambia, 
Syria. 

9. CuLoaopHis. 

Hallow. Proc. Ac. Philad. 1857, p. 52; Bouleng. Cat. Sn. ii. 
p. 91. 

Two species:— 

3 labials entering the eye: veil train 151 -193, without lateral keeb ... C. emi»i. 

2 labials entering the aye; voiitruls 148-169, with a slight lateral 

keel .>... C,»eglectu$* 

1. OhLOBOPHIS EMINI. 

AhobtuUa emini Giintb. Ann. k Mag. N. If. (3) xi. 1863, 
p. 285. ^ 

CMorojihis ermni Bouleng. t. c. p. 92, pi. v. fig. 1. 

Egyptian Soudan to Uganda and Huwenzori. 

2. CHLOBOPiilS XEOLECTUS. 

Fkilothamnua negUctus Peters, Mon. Berl. Ac. 1866, p. 890. 
CMorophie^neglectus Bouleng. t. c. p. 94. 

Qentral and East Africa, as far north as Somaliland. 

10. PoiLOTHAMXVS. 

A. Smith, Ill. Zool. S. Afr., Bept.; Bouleng. Oat. Sn. ii. p. 98. 

1. Philothamnus sEMiVAiiiiSGATUs A. Smith, op. cit. pis. lix., 
k., & Ixiv. fig, 1; Bouleng* t. c. p. 99. 

TiH>pical and South Africa* 
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11. OORONELLA. 

Laiir. Syn. Kept. p. 84; Bouleng. Oat. Sn. ii. p. 188. 

1. OoRONELLA SEMiOKNATA Peters, Mon, Berl. Ac. 1856, p, 622; 
Hoiileng. t. c. j). 195. 

N. Rhodesia and E. Africa, as far north as the Blue Nile. 

12. (iRAYlA. 

Oliiith. Oat, Col. Sn. p. 50; Bouleng. Oat, Sn. ii. p. 286. 

1, Gravia tholloni Mooqimrd, Bull. Soo. Philom. (8) ix. 1897, 
p. 11 ; Bouleng. P. Z. H, 1909, p. 951, fig. 

Egyptian Soudan, Uganda, Katanga, French Congo. 

IH. SCAPHIOPHIS. 

Peters, Mon. Berl. Ac. 1870, p. 644; Bouleng. Oat. Sn. ii. 
p. 254. 

1. ScAPHiopHis almopukctattts Peters, t. c. p. 645, pi. i. fig. 4; 
Bouleng. 1. c. 

Tropical Africa, from the Soudan to the CVmgo. 

14. Prosymna. 

Gmy, Cat, Sn, p. 80; Botileng. (-at. Sn. ii. p, 246, 

1. PrOSYMXA MELKAORIS. 

C(davKVi*m utelmijrU Beinli. Vid. Selsk. Afli. x, 1845, p, 258, 
pi. i. figs. 4~6. 

ProHjfmna tmlmgriA Bouleng. t. c, p, 249. 

Egyptian Soudan arid Sierra Leone to the (longo. 

15. Astiienopjiih. 

Bouleng. Ann. Mns, (Senova (2) xvii. 1896, p. 12. 

1. Asthexophis Ri’fipoiji Bouleng. 1. c. 

Somaliland. 

16. Oo2n’iA. 

Baird ^ Gir. Oat. N. Am. Rept. p. 110; Bouleng. (.^at. Sn. ii. 
p. 255. 

1. Contia africana [louleng. Ann. & Mag. N. H. (8) xiv. 1914, 
p. 483. 

Red Sea Province of the Soudan. 
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17« Homalosoma. 

Wagl. Syst. Amph. p. 190; Bouleng. Oat. Sn. ii. p. 273. 

1. Homalosoma lutrix. 

Coluber lutrix Linn. S. N. i. p. 375. 

Homalosoma lutrix Bouleng. t. c. p. 274. 

Homalosoma shiranwm et ahyssinictum Bouleng. t. c. p. 276, 
pi. xiii. figs. 1 k 2. 

East, Central, and South Africa, as far north as Abyssinia. 

18. Dasypeltis. 

Wagl. Syst. Amph. p. 178; Bouleng. Oat. Sn. ii. p. 353. 

1. Dasypeltis sgabra. 

Cohiher scaher Linn. Mns. Ad. Prid. p. 36, pi. x. fig. 1. 
Dasypeltis scahra Bouleng. t. c. p. 354. 

Tropical and South Africa, Egypt; South Arabia. 


B. Opisthoglypha. 

I. Eve rather siuall, modeiatef or lar^e, with vertically elliptic or 8nk*l1iptic pupil; 
loreal preteiit; nasal, if not completely divided into two, with horizontal cleft. 


A. Nostril between two nasals. 

Scales in 21 or 23 rows; ventrals 142'-163; subcandals sinjcle, 

dSHti . DUvpopHi, 

Scales in 19 to 23 rows; ventrals 205-274; subcaudnls 01-80 

pairs. Ta rhoph 11 . 

Scales in 19 rows; ventrals 144-180; subcandals S8-5i pairs .. Leptodira, 

B. Nasal semidivided; scales in 17 (rarely 19) rows; ventrals 

148-173; 187; subcandals 61-78. Jlemirhrtgwrhh. 


II. Eye moderate or larg|^ with round or horizontal pupil; loreal present. 


A. Pupil round. 

1. Loreal not more than once and a half as long as deep; scales not oblique, 
a. Nostril round; scales in 17 rows. 

Nostril in a semidivided nasal; rostral broader than deep, just 

visible from above. AmpJorhinut. 

Nostril between two nasals and the internasal; rostral as deep 
as broad, its upper portion at least half as long as its 

distance from the frontal. Trimerorhinus, 

5. Nostril a crescentic slit in a divided or semidivided nasal; scales in 17 
or 19 rows. 

Rnbcaudals less than 80 . 

Subcandals 90 or more. Skantpkiophig, 

2. Loreal at least once and a half as long as deep; scales more or less oblique; 

subcandals 78 or more. 

Scales in 17 rows; a single anterior temporal. JDramophis, 

tokis in 13 to 19 rows; usually two superposed anterior tem¬ 
porals : one or two anterior maxillary teetb much enlarged, 

fang-like. ^sanmopkis, 

S. Loreal not more than once and a half as long as deqp; 
nostril in an undivided nasal; scales very narrow, 
very oUhiue, keeled, in 19 or 21 rows . DUpholtdus. 

B. Pupil horizontal; nostril in an undivided nasal; scales 

narrow, oblique, feebly keeled. In 19 rows . Tkehtemis* 
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III. Eye imall or very email; no loreal; naeal, if present, single; scales in 


IS rows. 

A. Subcaudals paired; ventrale 171-256. 

Nasal and internasals present. Mierelaps, 

No nasal or internasals; nostril in the first upper labial. Chilorhinopliii, 

B. Subcaudals single. 

Inteniasal in contact with first upper labial; veiitrals 104-115; 

subcaudals 11-13 . Brachyophit. 

Nasal in contact with rostral; ventrals 146-165; subcaudals 

48-71 . Jparallactua, 


1. IJITYPOPIIIS. 

Giinth. P. Z. S. 1881, p. 462; Bouleng. Cat. Sn. iii. p. 46. 

1. Ditypophis vivax Giinth. 1. c. pi. xl.; Bouleng. 1. c. 
Socotra. 

2. Tarbophis. 

Fleisclini. Tlaliii. nov. Serp. Gen. p. 17; Bouleng. Cat. Sn. iii. 
p. 47. 

Two species:— 

Scales in 19 or 21 rows; anal entire . T. gumtheri. 

Scales ill 21 or 23 rows; anal dividcnl. . T. obUtms, 

1. Tarbophis guentheri Anders. P. Z. S. 1895, p. 656, 
pi. xxxvi. 6g. 3 ; Bouleng. t. c. p. 52. 

East Africa, as far north as Somaliland; Arabia, Syria. 

2. Tarbophis obtttsus. 

Coluber obtustis lleuss, Mus. Senckenb. i. 1834, p. 137. 
Tarbophis obtusus Bouleng. 1. c. 

Egypt to Somaliland, Mauritania and N. Nigeria. 

3. Leptodira. 

Giinth. Cat. Col. Sn, p. 165; Bouleng. Cat. Sn. iii. p. 88. 

1. Leptodira hotambceia. ^ 

CoromUa kotambatia Laur. Syn. Kept. p. 85. 

Leptodira h^tamboeia Bouleng. t. c. p. 89. 

Tropical and South Africa. 

4. Hemirhagerrhis. 

Boettg. Zool. Anz. 1893, p. 119; Bouleng. Cat. Sn. iii. p. 119. 

1. Hemirhagerrhis kelleri Boettg. t.c. p. 129; Bouleng. l.c. 
Somaliland and British East Africa. 
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* r>. Amplobuinus* 

A. Smith, Ill. Zooh S. Afr,, Kept.; Bonleng* Oat. Sn, iii. 
p. 124. 

1. AmPLOBHINUS NOTOT^NIA. 

CoroneUa nototcmia Giinth. P. Z. S. 1864, p. 309, pi. xxvi. 
fig. 1. 

Amplorhinfis notottrnia Bouleng. t. c. p. 126. 

Amplorkinns gUntheri Mocqnard, Bull. Mur. PariR, 1906, 
p. 251. 

Egyptian Soudan to Nyassaland; Angola. 

6. Tbimeborhinitr. 

A. Smith, Ill. Zool. S. Afr., Kept.; Bouleng. Oat. Sn, iii. 
p. 138. 

1. TrIMEBOKHINUS TRITASNTATtlS. 

Bhugerrhis iriioimata Giinth. Ann. & Mag. N. H. (4) i. 1868, 
p. 42.3, pi. xix. fig. H. 

Trif}ieror?iinuR iritaaniatns Bouleng. t. c. p. 139. 

Africa south of the Equator; East Africa as far north as 
Abyssinia. 

Perhaps not specifically separable from T, rhonibeatm L. 

7. OcELOPKLTIS. 

Wagl. Syst. Amph. p. 189 ; Bouleng. Oat. Sn. iii. p. 141. 

1. OCELOPELTIS MOILENSI6. 

Coluber moUemia S^uss, Mus. Senckenb. i. p. 142, pi. vii. fig. 1. 
Cmhpdtie moiteneis Bouleng. t. c. p. 143. 

Northern Sahara, from Algeria to Egypt and Nubia; Arabia, 
western Persia. 

8. Rhamphiophik. 

Peters, Mon. Berl. Ac. 1854, p. 624; Bf>uleng. Cat. Sn. iii. 
p. 144. 

Two species:— 

Sciilofl in 19 TOW'S on the body; ventrah ; subcaudab 

164-160. . ruhroputtcietwi, 

Scaleain 17 rows on the body; vontrala 146-399; anbcandala 

90-110 . B. wjfrhynehua, 

1. BhAMPHIOPHIS BUBROPUNCJTAruS. 

IHpeina rtAropwmMa Fisoh» Jahrb. Hamb. Wiss. Anst. i. 
1884, p. 7, pi. i. fig. 3. 

Jihamf^iopkia ruhrepun^Oatua Bouleng. t, c. p. 146. 

Egyptian Soudan to Ktltmanjaro. 
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2, RiIAMPIITOPIIIR OXYRHYNCHrS. 

Psarmnophis axprlnp^chns Roinli. Vi<1. Selsk. Skrift. x. ]84;3, 

p. 244, pi. i. fi^rs. i2. 

Uha^nphiophis n,ryvhp)i.rhnH HotiIpu;;. I. c. 

Tropical A frica. 

U. DiioMoniis. 

Peters, Mon. H(»rl. Ac. IHBO, ]>. 447; lk)ulen;^r, (‘nf. Sn. iii. 
1>. 149. 

I. Dromophis lineati:s. 

/)rpopJtpI((.r Iinoat}fs Dnni. Jlihr. Kr)». (Icn. vii. ]>. 11*24. 
Dromophis IlttsfUos Honlcn|;. I. c. 

(\)nst of Gninen t.<» E^islcrn Soiidnn, (‘cniml Africa. 

10. I’SAMMOpnJS. 

Poic, Jsix, 1827, p. .521 : Poiilcnj?. ('jit. Sn. iii. p. 152. 

Spaojtsis op fhr Sprciry, 

I. S<*aU*** ill 17 rows, raivly 10. 

Ho^tral a little Imwidor than dw*p; (r«n*h s or lo) ui>i»*r lahiaU, 
sivth '.liortfM than e\o; hiihrainhilK 03 151 
Uo«<trul a little hnwoler than 0 (riiivlv 8) upper lahials, M\tl» 

(or fit’tlil as lon^ a<? eye; subeaudals 130 178 
Kontral nti dee]) us broad; H (rareU 0) upper labials: snlM*aud.«ls 
SA-llO 

II. Seales in In rows 

III. Scales in 13 r<*i\s 

1. PSAMMOPIIIS Sl'IlOKARl. 

(Wither scholar f Forsk, I loser. Anini. ]». 11. 

/*sammaphis scholari lk>ulen<f, f. e, p. 157. 

Nortli Africn to Maiivitani.-i niid Soinnlilainl; Arnbin and Syi ia 

to Afghanisbm and Sind. 

2. PsAMMoPHis PUxrrrLATrs Dnin. tk lliln*. Erp. Gen. \ii. 
p. 897 ; Bolllell^^ t. c. }>. 159. 

East Africa, from tlie Bine Nile to Mozambiipie : Andjia. 

2. PsAMMOPinS SIHILANS. 

(^oluher sihilatis Linn. S. N. i. p. 58.‘1. 

Psammophis sihil^ns Bonlen^. 1. c. p. 1(11. 

Tropical and Sonth Africa, E^vpt. 

4* Psammophis biseuiatvs IVters, Sitzb. Gos. Nat. Fi*. Berl. 
1881, p. 88; Boulenfir. t. c. p. 168. 

Somaliland and British East Africa. 

Proc. Zool. Soc.— 1915, No. XLV. 
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5. PSAMMOPHIS FULCHER Bouleug. P. Z. S. 1895, p. 537, pi. XXX, 
fig. 3, and t. c. p. 169. 

Somaliland. 

11. Dispholidits. 

Dnvernoy, Ann. Sc. Nat. xxvi. 1832, p. 150; Bonleng. Cat. 
Sn. iii. p. 186. 

1. DiSPHOLIDUS TYPUS. 

Buceph(du8 Ufpns A. Smith, Zool. Jonrn. iv. 1829, p. 441. 
Dlspfiolidiis typus Bonleng. t. c. p. 187. 

Tropical and South Africa. 

12. Thelotornis. 

A. Smith, Ill. Zool. S, Afr., Tlept.; Boulong. Cat. Sn. iii. 
p. 184. 

1. Thelotornis ktrtlaxdii. 

IjAptophiH hirtlandil Hallow. Proc. Ac. Philad. 1844, p. 62. 
ThelotorinR hlrtlandii Bonleng. t. c. p. 185. 

Tropical and South Africa.. 

13. Mtcrelaps. 

Boettg. Ber. Senckenh. Oos.’1879-80, p. 136; Bonleng. Cat. 
Sn. iii. p. 248. 

Two species;— 


.S uppeHabialfi eiitorinj? the evP? vi?ntralR 171 . . . M . vnVffmti . 

2 upper labials entering the eye; ventrals 203-232 3f. hopftqeri. 


1. MiCRELAPS VAILLANTI. 

Elapowhema vailla/thti Mocquard, Mem. Cent. Soc. Philom. 
1888, p. 123, pi. xii. fig. 1. 

Micrehips vaillanti Bonleng. t. c. p. 249. 

Somaliland. 

2. Mtcrelaps bokitoeri Bonleng. Ann. Mua. Genova (2yxvii. 
1896, p. 13. 

Micfrelaps nigriceps Stemf, Mitth. Zool. Mns. Berl. v. 1910, 
p. 69. 

Somaliland, Abyssinia. 

14. Chilorhinophis. 

Wernei’, Sitztb. Ak. Wien, cxvi, i. 1908, p. 1881. ^ 

1. Chilorhinophis butlbri Werner, 1. c. pi. iii. 6g. 8. 
Egyptian Soudan. 
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15. llRArijyopjiis. 

Mocqimrd, Mem. Cent. »So(*. Pliilorn. 1888, p. 125; Boulong. 
Cat. 8n. lii. p. 254. 

1. BiiAcnyoriiis revoilj Mocqnanl, ]. c. pi. xi. fig. 5; Bouleiig. 

I. c. 

Somaliland. 

1(5. Aparallactus. 

A. Smith, 111. Zool. S. Afr., Uept., App. [>. 15 ; Bonleng. Cat. 
Sn. iii. p. 255. 

1. APARAlJiACTrS rONCOLOR. 

Vripchifi coticolor Fisoh. Jalirh. ILamh. Wi.ss. Aiist. i. 1884, p. 4, 
pi. i. fig. 1. 

A'lmrallnctua concolor Bonleng. t. c. }>. 257. 

Ijado, Uganda, Somaliland. 

(J. Proteroglypha. 

(l^)roal absent in all the genera.) 

I. Tail coniproKscd, oar>s1itip(Ml, smlen pixtapo^od ; ao ventrals 

(SiMi-Hiiuko) .... . Jlj/fh'ns. 

II, Tail ryliiulrifal; scales iaihricate: \entrals larffc. 

Head short, snout broader than lonp:; .scales oblique, 17 25 acroNS 

middle of bod.\, 21- 20 across msh ; anal entire . . JVirfVr. 

Head sbort, smuit bnmder than loii}; ; sralcs not oblique, 28 acro'^s 

nii<Idle of Ixah, 27 acro^.*, neck ; anal denied . WaHennnesitt, 

Head loni? and narrow, snout not bmader than lonj;; sc^ale'. very 

oblique, in 10 to 28 rows .. . JJrnfirasph. 


1. I1M)RI’.S. 

Kohneid. Hist. Anqih. i. ]>. 2‘i.‘{; Bouleng. (Jaf. Sn. iii. p. 26(5. 

1. TIvDRL'S PXiATLRUS. 

A V gin a plat lira Ijinn. S. N. i. p. .‘101, 

Jlgdnffi philurns Bouleng. t. c. ]>. 2(i7. 

Indian and Paoifie Oeeniis; E. Africa, as far north as the 
cojust of Ohok. 

2 . Naia. 

Ijfiiir. Syn. llept. p. 00; Boulong. Cat. Sn. iii. p. [172. 

Two species:— 

Eye flepamted from the upper labials by snboculars; 0th or 7th 

upper lahials largest ami d«ep<*sl A. hnie. 

Third or third and fourth upper labials dee|)est ami entering the eye. JV. niffrit*oIfis» 

1 . Naia haie. 

Coluber haie Linn, S. N. i. p. 387. 

Naia haie Bouleng. t. c, p. 374. 

Borders of the Sahara, East Africa southwards to the Transvaal 
and Zululand ; Arabia, Palestine. 

45 ^ 
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2. Xaia NiGHicoi.UM Keiiih. Vicl. 8el.sk. Skrift. x. 184^5, p. 261), 
])1. iii. figs. 5~7; Houleng. t. c, p. 378. 

Seiiegambia and Uppw* Egypt to liechuaiiHlnnd and Katal. 

3. Walteiuxnissia. 

J..ataKtt\ Lo Natur, 1887, p. 411 ; Iloulcaig. Cat. 8n. iii. p. 392. 

1. %V4LTKRINNK8TA EOYFriA 1. 0 . ; llouloilg. 1. C. 

Xid)ia ( Egypt ? 

4. I)k\i>uas»ms. 

Sfldeg. Versl. Zool. (len. Anistwl. 1848; lk)nl(»ng, C^it. Sii. iii. 

1>. 4.34. 

3Vo sp(*(*ies: 

Sc‘(*ond uppor labial uiuoli »loopn* tli.in fiist . />. anfftt^firep^t. 

Second u)>pf*r labial not dts'poi tliuii Hist />. anfiHont. 

1. l)E\nUAhPJS ANOX STTrKl».S. 

yaia aiif/mttrepa A. Smitli, 111. Zool. S. Afr., llept. pi. Ixv. 
Jhiidranpifi (Uajiuiticeps Hoidwig. t. c. p. 4.37. 

East and (Vaitral Afriori, Angola, South Africa. 

2. Dexdraspis ANTTVoiui Potpis, Mon. Horl. Ac. 1873, ]>. 411, 
l»l. i. fig. 2 ; Eouleng. 1, c. 

Abyssinia. 

Family V" i r k k i j> k. 

of the item m, 

I. Km* inodiM'iite or largi^ ‘a'paratod from thp up]M*j liibiaK b\ Hiibofiilars. 

A. rjMwt* Burfacp ot lipad rovcrwl with larptp s\uuiH*tncai 

sbbdds; loival prownt; pupil round; \enti.ds 120 155 . (’/nfjiiia. 

H, lipp»*r Miriacf* of hnad colored with wales, jmpil lertical; m-hIps htiouuU 
kt‘pU*d; 1 entralR 130 205. 

LaU>ral sralea not Rinaller than dorsals, without sei rated keels ; sub- 

CHudals in two rows IhUit. 

Lateral scales suialler than dorsals, oblique, with sernited keels; 

snbcaudals in two rows ... ... Cerastes. 

Lateral scales smaller than dorsals, ohlique, with seriated kinds; 

suhcaudals sinjrle ... . .. ... Kchis. 

II. K 3 'e minute, with round pupil; upper surfaee of head eovered 

with larjfe hvinmetncal shields; no loreal; veiitrals 212-245. Atrarfaspts. 

1. CAUsrtf. 

Wngl. Syst. Ainph. p, 172 ; Boiileng, Cat. Sii. iii. p. 465. 

Two apeciea:— 

Snout obtuse, inoilerateb* proinineiit; dorsal sciilos more or less 

distincthv keeled . ... <\ rhomhsafns. 

Snout itromtnent, more or less distinctly turuHl up at the end: 
scales Muooth or fuiuth keeled . 


f'. rsshnus. 
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1. CaUSUS RIIOMBEATUS. 

Sf.pedon rhoinhefUHS.Hiinht, Verz. ])oiil)l. Mns. Rerl. p. 106. 
CanHus rhomheatus Boulong. t. c*. p. 407. 

Tropical and South Africa. 

2. Causus resimus. 

lleierophis resimus Peters, Mon. Borl. Ac. 1802, p. 277, pi. - , 
fig. 4. 

Cansm reninnia Bouleng. t. c. p. 408. 

Eastern Soudan, Ejist ainl Central Africa. Angola. 

2. Bms. 

dray, Zool. Miscell. p. (59; Houleng. Cat. Sn, iii. j). 492. 

1. Hms atuetans. 

npera arietoas Men*. Tent. p. 152. 

/iU'ift arietanti Ron long, t, c. p. 49.*h 
Tj'opical and South Africa ; Southern Arahia. 


.*5. Ckkastes. 

Wagl. Syst. Ainph. p, 178 ; Ronleng. Cat. Sn. iii. p. 501. 
1. Cerastes fORN TTi s. 

(\fhiher conmias Linn, in lJa^^el(j. Keise J^ihcst. i>. 515. 
(U'rastes Rouleng. t. c. j). 502. 

Soudan and borders of the Sahara ; Arabia, ainl I’alestiin*. 

4. Eriiis. 

Merr. Tent. p. 149 ; Rouleng. Cat. Sn. iii. p. 504. 


Two species: — 

Scales on snout and vertex more or le^s ^tlOll^ly kwU'd; 2 (rarely 1 
or 3) series of scalea liotH 4*011 eye and upper labials; ventrab 

132-192 . . ... . IC.nirttmiits. 

Kealoa on Niiout and \erte\ aiiiooth or obtusely keeli'd ; 3 01 4 series 

of scales between eye and uj»per labials; .entrals 17‘Jr-2ur> . J^. vofuntfits. 

1. EcHIS (^AlUNATL’S. 

Pseuctohoa carhiaia Schneid. Hist. AnipJi. ii. p. 285. 

Kchis carinatita Rouleng. t. c. p. 505. 

.Desert and sandy districts of Africa luirtli of the Etpiator; 
Southern Asia, fi’om JVans<.‘aspia and Arahia to India. 

2. Edits COLOIUTUS diinth. P. Z. 8. 1878, ]>. 978 ; Rouleng. t.c. 
p. 507, pi. XXV. tig. 1. 

Egypt, Socotra, Arahia. Palestine. 
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5. Atractaspis. 

' A. Smith, 111. Zool. S. Afr., Kept.; Bouleng. Cat. Sn. iii. 
p. 510. 

Synopsis of the Specm, 

1. Anal divi(le.l; fliihoiiudiils paired; 4th upper labial entering 

the eye; scales in 19 rows . -A. ettffdahlii. 

11. Anal entire; subcaudals all or mostly single. 

4th upper labial entering the eye; a single large anterior 

temporal; scales in 81 rows .. .. A. phUlipsi. 

8rd and 4th upper labials entering the eye; temporals small; 

scales in 28 rows . J, Ivticmuelas, 

8rd and 4th upper labials entering the eye; tiMupunils small; 

scales in 29 to 37 rows. A. microUpidota. 

1. Athactaspis ENOBAiULii Lounb. k Anderss. Ark. f. Zool, viii. 
1913, no. 20, p. 5. 

Somaliland. 

2. Atractaspis PiiiLLiPfli Barbour, Proe. Biol. Soc. Wasliingt. 
1913, p. 148. 

Sennar, 

3. Atracjta8Pis leucomelas Bouleng. Ann. Genova (2) xv. 
1895, p. 16, pi, iv. lig. 2, and Oat. Sn. iii. p. 517. 

Somaliland. 

4. Atractaspjs Micjiof.EPiDOTA Guutli. Auu. k IVIng. N. IT. (3) 
xviii. 1806, p. 29, pi. vii. tig. 3; Bouleng. t. c. p. 517. 

Egyptian Soudan, East and Central Africa, 
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47. I)efecrij)tions of a now Atnl^hish^(na and a now i^nako 
disco\er(Ml by Dr. II. G. F. Spurroll in Southern 
Colombia. By (j. A. Boi F.H.S., F.Z.S.* 

[Ut(pn<Ml 0(tolui 2U, 1015 liiud No\<.mb<i 21,1015 

(lV\t fl^liu^s 1 X 2.) 

Ampiiisbjtna sei kiielli, sp. n. (Tp\t-6^. 1 ) 

Siioiii rounded, pioininont. lloslird latJier small, liiaii^uil.ir, 
just visible from ubo\e; ims.ils foimin^> a suture; a ]>aii of 

Te^t-liguie 1. 



jimphiab<tna Bp irrelfi. Upjwr, luww, mid Mib* \io\ih ol head, and lowor view 
of ]>osterior part of body and tail. 

* J’ublisluHl by permission of tlic Trusters of the British Muscnin. 
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preefronfcals, the largest head-shields, the suture between them 
once and a half to once and two-thirds as long as that between 
the nasals and slightly longer than that between the frontals, 
which are much smaller and a little longer than broad ^; 
a pair of small occipitals; eye distinguishable under the ocular, 
which is situated between the privfrontal and the second and 
third upper labials and followed by two superposed jKtstocudars; 
four upper labiaja, fourth small, second very large; symphysial 
tiupezoid, the sides slightly concave, followed by a longer chin- 
sliield ; four lower labials, second largest. 21.’^ or 214 annuli on 
the body, 21 to 23 on the tail; an annulus in the middle of the 
}K)dy contains 34 or 3(> segments, 16 or 18 dorsal and 18 ventral, 
the dorsals at least twice as long^is broad, the median ventr.ds 
once and a half to twice as hroa<l as long ; the dorsal segments on 
the distal half of the tail tubercular or Kul)c‘onical. J^nt^'ral lim» 
very distinct. G anal segments. 4 pra^anal poivs. Whitish, 
e»ich dorsal segment with an oval or scpiai-ish ])in*plish-hr«)u u 
spot. 

Length to vent 320 mm.; t»n‘l 28 ; diameter of hod}’' 10. 

Two specimens from Anda <«oya, at the junction of the 11. 
Condoto aii<l San Juan. 

Distinguished iv(nn A, D. B. by the broader ven¬ 

tral segments and the tubeividar s^eginents on the tail. 

Herpetodryas viciNus, sp. u. (Text-fig. 2.) 

Kye large, as long as the snout, liostral onco and one-third 
as broad as deep, just visible from alan'c; j)it<u‘Tiasals a little 
broader ilian long, a little slifirter than the pnrfronlaU; frontal 


Text-figure 2 , 



He^'petodrifM vieinvit. Hide view of hwul, 

oiiccs and a half as long as broad, longer than its distiince from 
the end of the snout, slightly shoiiier than the parietals; loi'eal 
fis long as deep; one prse- and t'wo postooulars; temporals 2 -f 2; 
nine upper labials, fourth, fifth, and sixth entering the eye; 
five lower labials in contact with the anterior chin-shields, which 
are shoHer than the posterior. Scales in 10 rows, all smooth or 
the vertebral |)air very faintly keeled ; scales gradually decreas¬ 
ing in size towards the ventrals, the largest half the si 2 se of 
the jiarietal shields. Yentmlsnot angukte laterally, 163 ; anal 

* 111 tli€ specimen figured the loft frontal hab fuiwd with the left occipitnl. 
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divided; sul)caudals 149. R(‘cldisli brown above, anterior two- 
thirds of body with <iarker lines on tlie borders of the scales, 
forming faint cross-bands te.rminating in a sf>ot on the outer 
series of scales; a series of irregular yellow spots or streaks along 
the vertebi’al line; posterior part of l)ody a.n(l tail uniform brown 
with darker edges to the scales; around blackish spot on each 
parietal shield ; a short black stimk behind the eye above the 
lip which is white, some of the shields firndy black-edged ; belly 
white in front, brownish behind ; a dark stimfe along the tail at 
the junction of the subcaiidnl shields. 

4\)tal length 490 iinn.; tail 190, 

A single young specimen, also from Anda Goya. 

Closely allied to J/. ftiscm L, Distinguished by the number of 
temporals {‘2-h2 instead of 1-pi), the greater extent to which 
the fourth up})er labial bordt'.rs the eye, the divided anal, and 
the more numerous subcaudals. 
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48. The Distrihution o£ Secondary Sexual (Characters 
amongst Birds, with relation to their Liability to 
the Attack of Enemies. By J. (!. Mottram, 
M.B.(Lond.)*. 

[Received June 26,1916: Head Noveinl»er 9, 1916.] 

Inubx. 

Moiipuoi.fxi V : 

Secondary ^oxual characters. Distrihution anion^ hird!> ... 663 
ETUOl.()CjY ; 

Secondary sexual characters. Relation to enemies . 

(iBOORAVllICAL: 

Secondary sexual <*haracters. Insular and continental (»7l 

This paper endeavours to show that there is a correlation 
Ixitween extra-sexual diinor[»hism among birds and their vnliiiu*- 
ithility to enemies. No attempt is made to account for this 
correlation. However, in the light of this correlation, the more 
important th(‘ories which have been put forward to account for 
the presence of secondary sexual characters arc briefty con- 
si<lered. 

(JolliiCtUm of Material. 

In collt'cting mat<irial for classification, works were selected in 
which jnany facts were collected on hroa<] linos and with no 
jiarticiilar object in view. Reference's are given for all the 
matei’iai used. The Nvork trom which hv far the most material 
xvas taken is * The World’s Birds,’by F. Finn. This is a, small 
volume, in which the families arc hrieily de.scribed in a systc* 
niatic manner uinler thf* heading.s—diagnosis, size, form, [duniage, 
young, nest, eggs, ineubtttion, courtship, food, gait, flight, notes, 
<lispositiou and habits, economic qualities, captivity and dis¬ 
tribution. A xvealth of reliable information is hero l.iid down 
in a condense<l manner, and is, therefore, at once available for 
classification. 

AtKut from this work, descrii>tive monographs have been 
chiefly consulted, ("Inly families containing more than ten 
species are considered, ns it was thought that a lesser number 
could not give a reliable picture of the characters of a family. 

Ill order to ese^ipe any misunderstanding, the factors to he 
correlated must hrst be clearly defined. A species is said to 
show extra-sexual dimorphism when there is a difference between 
the somatic characters of male and female. Attention is usually 
directed to differences in form and colour, but it must be remem¬ 
bered that almost any character may show a difference. It is by 
no means uncommon to find birds in which the form and colour¬ 
ing of the sexes are identical, but it is quite rare to observe birds 

* Communicated by the 8 ecbetary. 
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the males and females of which are entirely alike in every respect 
apart from their sexual and reproductive organs. Many, in 
describing the Song-Thrush, remark “sexes alike,” forgetting 
the male^s song; nevertheless, it is necessary in a consideration 
of this kind to accept the classifications of others. 

Vulnerability to enemies is essentially a relative term. Un¬ 
fortunately a classification of birds according to their vulnerability 
to enemies has not been found. It follows that this subject must 
be considered in detail. 

Birds are subjecit to attack from the air by hawks, whilst 
feeding in trees from carnivorous mammals and reptiles, and 
when on the ground from all three. It follows that birds 
entirely aerial are more free from enemies than are arboreal or 
terrestrial ones, and birds entirely arboretil more free than 
terrestrial. All birds, with very few exceptions, are to some 
extent aerial. Sea-birds must be almost as free from enemies as 
aerial birds, as there is little evidence that they are preyod upon 
by any a/piatic animals; and of sea-birds, the oceanic ones must 
be especially free from enenjies, as hawks are not found far from 
land. The following table, compiled from Finn^s ‘ Woi’ld's Birds ’ 
(see Table L), sets out the families from this point of view, ami 
shows that birds relatively free from enemies present little 
sexual difference, wdjereas those presenting great sexual differ¬ 
ences are only to be found amongst terrestrial ami arboreal 
birds. 

Table I. 



Terrestrial 

Arboreal 

1 1 

, . , , 1 OfftTOtVrtnrf 

Jtml. 1 JqMfir. Maritime. 

1. No sex 7 

difference ... ) 

ss'/.Brsof',,; 

25«„4ri7».j 

60»'«4 [17®.. 100»„2 [9"i,: ' 83"„6 (22“nl 

2. Usually no ) 
sex difference ) 

84% 6:33%] 

31«/,8 r38»y 

i 

60*'.4[S7®oJ -i !l8"ol [7»/,j 

3. Sometimes ") 
sex difference ) 

4. Usually sex ) ' 
difference ...) 

9»oS[40%]il9%3r60%J 
29% 8 [80%] j 26% 4 [40® J 

■ !_ 

__ ^ _ 


Notrb,—C ompiled from F. Finn’s * The World’s Uinls.’ 

2*=U8ually no sex difference, and includes the foHowinj? descriptinnH“ Hardly 
ever a sex difforence,” “ seldom a sex ilifferencts” “ very alitflit or no sex 
difference," “small sex difference,’' “little s.d.," “rare s.d.," “ofteuM 
alike," “usually small 8.d." 

Usually sex difference, and iiiclades the following descriptionsSexes 
different,” “ often sex difference.” 

The above method of classifying secondary sex characters is used thi'oughout tlic 
paper. 


{ColUiutmd atfo^t of mxtpu^,) 
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Tlie subject may be apj>roaclie«l fioin otlior points of view. 
Many birds aro morn or less free from enemies on account 
of possessing powerful weapons of <lef(3nce — either beaks, 
talons, wings (e. g,^ swans), or legs (e. r/., cassowaries). Hexnjvl 
(limorjthism should be less coininonly founrl among these birds 
than among birds in gentu-id ; and such is the case, as sliown 
ill Table II., only hornbills ami toiuians being to some extent 



Table TJ. 


1 

No defeiisixe 
weajions. 

With dcf»*nsi\<‘ 
wcajmiis. 

: 1. No sex difleronee 

38“,0 11 

o2“„ 11 

2. raiially no sex difference 

24“ „ 7 

3H'»o 8 

1 

j 3. Sometimes sex difference 

10 3 

loin > ( Tonc.'ins it 

“ X Hornbills. 

4. Usually sex diflerence 

28“'„ 8 

(» 

Notks,— Ciunpibsl from F. Finn's 

‘The Wiald’s Birds,’ 



Srcoiniarv m-x i*h«rtict<*rK as ])pfor«*. 

hftmMioe Nos. —1 no dcf. 1. s, 2*J. *J6, 28. 29, IHO, 32, 10, t'S, 40 2 .t4‘. 10, 2r>. 

31. 37, 39, 42, 41*, 3 no (U 11, 21, 3S • 1 no 5. 14. 10, 19,21,31. 
41,19 : 1 (let. 1. 2, 0, 9, 13, 17, Is, 30. 30. 43, 48 ; 2 clef. 3, 7, 12, lo, 20, 
27, 38, oO. 3 (1(4. 23. 47. 

e.xceptional. (.)n referring to Table IJJ., it can be seen that 
these two families have been correctly described as exhibiting 
“ sometimes sex difiereiice,” especially in the case of hornbills. 
As regiirds toucans, it can be seen that it is ebietly among llie 
smaller and tli(»refore less powei ful species that s(»x dimorplii.sm 
is found. This, )lo^^e^er, is not the case in the hornbills. 
Altlioiigh their bills are ajiparcntly very poweifid. it is «loubt- 
ful w'bether they are so in practice; keepers are of opinion that 


Notes to T.able I., Ci*nihnuHl. 

In II few rasi'*j Oirds have* bcon placvd in two crdninns //. Pip'oii'i in 'IVncstrial 
ami Arbomil, Paasevino Birds ditto, Diwis in A(|natir* and Mantinn' 

Ducka liave been placed under Terrestrial, as tlu\v are especialb- liable to tlie 
attacks of ciirni>oron.< nniitnauN whilst fWslin^ on dry land or in shallow 
\iater; they are coiisiden-d in detail clsewliere. 

The bracketed perceiitajfcs refer to the liori/.oiitiil lines, the nnenclosisl percentages 
to the vertical coluiniiH. 

Beference iiuinbers for Table I.:— 

1 Terr. 6, 8, 9, 25, 29, 43, 45, -49 : 2 Terr. 20. 37, 39, 42, 33 : 3 Terr. Il, 
28; 4 Terr. 34, 5, 1 4,1«, 19, 41:1 Arb. 4, 28, 30, 48: 2 Avb. 3, 2«, 33, 37, 
50: 3 Arb. 23, 38, 47 : 4 Arb. 24,19,34,10: 1 Aer. 1, 4, 12, 32 ; 2 Aer. 15, 
31, 40, 44: 1 Aq. 13, 17 : 1 Ocoa. 2, 13, 18, 35, 30 : 2 Ocea. 7 : Nos. 10, 21, 
22, 27 oiiiitttHl. 

T!n*a<* iiiiiubera refer to the list of biixls at the end of the paper, and show how 
they are distribnttsl in the table; they enable others to criticise tin* distn- 
biitioii. 
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a severe bite can only be given when the finger is seized far Iwick 
in the bill: at the tip the leverage agsunst the jaw-muscles must 
be very great, and, unlike most long bills, they are unsuitable for 
stabbing. 

Table III. 


1 

a. 

%.Hld. 

sld. ' 

1 

' so d 

1 

d. 



No. of sp<*c*i( s 

18 

' ^ . 

3 { 

1 d 

11 

/ 

|lfoinbills 

A\eingo uing-lougth 

126 

161 ' 

10 S 

11 5 

15 1 


No. ot Mpecu’K 

2t 

6 

2 

1 

6 

] 

Toutau'^ 

Averugo total longtii. 

IS 1 

17 

116 

13 6 

11 




Notkb.—T ompikvl from Monogiuplift on the Umerotida hj 1). (i. Klliot and thi 
i(ain])h,istidio h> *7 Gould. 

n,ssRexes alike , V m 1 d i*e\tK \er\ elightU difl(‘ient, si d sliphth dirteient . 
Hodsf-soine difteTuiee, d =-diffcinit, \d (ustd in otlio tiibUs) —\on 
diffeieiit. 


If, instead of considering birds from ilie point of \iew of 
defence >\o classify them accoiding to their ofhmsne p<n\ors, 
the same conclusion results. Offensi\(^ poweis jue dnided 
accoiding as to whether the birds* diet eonsists oi veitobratos, 
small xerlobrates, in\ertebrntes, or \egetal)l(‘ matter, as set out 
in Table HI. </. 


1 

1 _ 

1 


3 

4 


Table 111. «. (Food of Ihnh ) 


Fowl (oiiMsting oi 

* I 


V^ertrbrateH, 


Bniall V(‘itiln.itos 
and liniitchratcs 


Sin all Verttd nates, 
Inveitelnntes. 
and Vegetahl 


I 


I 



7 

i 

d 


Notks. —Compiled from F. Finn's ‘ The World’s Birds.’ 

Numbers at column limdings refer to secondary sex characters as before. 
^Keference Nos.:—1 vei*t. 1, 2, 13, 18, 32, 3», 36, 43: 2 vort. 7, 12, 20, 27: 7 vert. 
A invert. 4, 8, 22, 26, 40, 44, 45 : 2 vert. & invert. 16, 26, 31: 3 vort. & 
invert. 21, 28: 1 vert. A veg. 6, 9, 17, 28, 29, 80, 48, 48 : 2 vert. A veg. 3, 
10, 33, 37,89,42, 60 ; 3 vert, A veg. 11,23, 47 ; 4 vert. A veg. 6,14,16,19, 
S^, '34^ 41, 49. 


Further, certain birds for other reasons are especially free 
from enemies. Divitig-birds have always a safe refuge at hand, 
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and should, therefore, present little seeondary sexual dilfei*- 
entiation. This is shown to be the case in Table IV. In this 

Table IV. 



Divin);t Birds. 

Non-di\iu^ Birds. 

1 

‘ . 

«!«„ 

18 42 

2 

1 

17"., 

14 32‘'o 

5 .. 

0 

— 

6 lii"o 

1 

1 

17"„ 

7 ID'n 


(I)iu*lcs) 


NoTErt.—Iroiii F. Finn’s ‘Tin* WoiM's BiiiU/ 

Sf\unl cluhsiliratioii jik bolon*. 

IJcft n'liro Nos. *—1 Div- .‘K l.'J, 17, So : 2 l)i\. 7 : i T)i\. 11:1 Xoi»-di\. 1, 1, d, M, 
IH, 22, 25, 2H, 20. «(), 52, 50, «), W, 45, 10, H • 2 Xon-dix. 5, 10, 12, 15, 
20, 20. 27, 51, 55, 57, 50, 12. U, 50 : 5 Xon-dix. 11, 21, 23, 38, 17 : 1 Non- 
da. 5, 16,10,21,51, il, 10. 

table ducks form an excoplion- for. though capable t>f <li\in^, 
ibev often present sex ili morph ism. In a previous table they 
were placed with <liflioult>\ so that it is nece.swirv to .study them 
in more detail (.see Tabb' V.). Thin table sbowh that tlie di\inf?- 

Tahlk Y. 

I 

' - . . I 

Ducks. Koii-dnin^ Ducks. 

“ “ ~ I 

I H. sl.d. d. v.d. a. v.sl.d. sl.d. d. \.d. j 

, - 2 3 5 7 — — _ 10 I 

I I 

Notes.—C ompiled from J. Dould’s * Birds of KuroyM*,' \ol. \. 

Swans, (veese, and Slicldrakos. prosentinpr little or no sov diOrrcncc, ueie omitted. 
The followinpr list shown tho jilaeinpr of the ducks m the ahote table : - 
Div. v.sl.d. FuUtfuta IvHcophthaJmoa^ Vmixna lettrocephaJa ; Di\. sl.d. F. rr/x- 
tnfti^ Oidemia fnnea, O. nipra • Div. d. F. fenmt, F. rujina^ l/cr</«v 
albcNna : Di»\A.d. F. martian dangula vulparis, C./iisfrionicn^ Hart Ida 
Af. jnerpantterf M, serrafor^ ^f, cttcaflafus: Noii-div. \.d. 
Sfareca penrlopft Sp<ftufft clppeafa^ Anas hoschn^^ Querquedtda vrecca, 
Q, pIoritauKy Q. ctreia, Dajlla raitdarutaf Chauliodts strepera^ SumatePia 
moViftttima^ S, tpeefahtHs, 

habit is associated with a reduction in the amount of secoiidaiy 
sexual diflference. No doubt, had a lar^j^er amount of material 
lieen examined, exceptions would have l>een encountered ; for 
instance, in the Spot-bill {Alias p^iecilorhyncha) the sexes are 
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alike, and perhaps the dnck might be considered io be a non¬ 
diver, but E. C. Stuart Baker in ‘ Indian Ducks ^ says “ it is a 
most expert diver.” 

The Marbled Duck {MrmnaroneiUi anquHtiroHlris) forms a like 
exception, but has umisunl liabits, which to a large extent, 
protect it from enemies. It never goes ashore; it remains 
nearly always in rushes. The Anclaman Teal (Xettion alhitjulare) 
is another, but this laid is an insular species and is said to be 
entirely nocturnal. 

However, examples more difficult to account for are to be 
found; for instance, the Whistling Ducks {Dendrorygna), These 
birds have arhoienl liabits, and at a sign of danger take to the 
trees. On the whole, Ihereforo, allhougli at first sight appa¬ 
rently serious exceptions on moio detailcil examination ducks 
are found to fall into line wdth the rule that diving-biids exhibit 
less secondary sexual differences than non diveis. 

Very ft^w, if any, hiids can entii<‘ly escape fiom hawks by 
means of iu})id fliglit (aiboreal biids nie to some extent free 
from their attacks). Two of the favouiite c)uariieh of tlie 
Eastern hawkeis are teal and sand-grouse, among the most ra]»id 
fliers. There are, however, a few birds whieh aie able b> 
means of skilful dodging to evade the attacks of hawks for 
instance, the hoopoe, of winch Finn says “it is easily able to 
esca|>e from hawks.” 

TuUiE VI. 


1 

1 

Hiids men! loned W'N 
fonning food foi man. 

1 

Xo note n (dihilit}. 

1 

1 

Wo 

12 

13 

10 

2 

3 /% 

0 

30%, 

0 

3 

ll''» 

3 

0%, 

2 (Putt-birds and 
lI<nle^ -duidev). 

2 (Tiogons and 

4 

23«o 

6 

0%. 





Iluinmiug-birds). 

Notes. —Compiled from F, Finn's * The World’s 

llinis. 


Himey-duid^s 

are not eaten 

by natives because they are useful in guiding them 


to honey; Hammiiifr-birds possibly because of their small size. Puff-birds 
are doubtfully described as prosenting “ sometimes sexual differences/' as 
shown in the following table compiled from P. L, Sclater's ‘ Bnccoiiida*’:— 

P' 

Puff-birds . m 

?~uo note made as to whether sexes are different or not. 


n. 

8 


sl.d. 

3 


As regards Trogons, other works have been consulted but w,itb no rt»sult. 
Keference Nos.1 edih. 2, 0, 22, 26, 29, 80, 82. 35, 36, 41, 45, 46: 2 edib. 7, 20. 
38. 87, 30, 42 ; 8 edib. 11, 47 : 4 edib. 5.14,16,10, 84, 41: 1 noii-edtb. 

1, 4, 6, 8,18.17,18, 28.40,48 ; 2 iiou-edib. 3,10,12,16,28,27,81,44, 60: 
3 non-edib. 21, 28 ; 4 tion-cdib. 2'i, 46. 
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Birds may avoid enemies in iitlier ways ; there is little doubt 
blit tliat ill-flavour plays a part. Under the heading “ Kcononiie 
Qualities/* Finn, in the ‘ World’s Birds,* mentions those birds 
which form food for man, and this to some extent will sejianite 
the well-flavoured from the ill-tlavoured. I’liis material is set 
out in Table VI., which shows that secondary sexual dimorphism 
is especially to be found among table-birds. 

Birils may also be SJiid to avoid enemies by protei^tive color¬ 
ation. However, it is not possible to examine this a.s[)ect statis¬ 
tically, because protective coloration often forms a ]>art, of sex 
dimorphism, the female presenting this coloration and Um male 
not doing so. Tiiis is in itself, liowovei*, evidenct! tliat sex 
dimorphism is in some way related to enemies. 

— Upon size must depend to some extent a specie.s’ vulner¬ 
ability to enemies. Large birtls are oidy open to the attack of 
larg<^ caniivorons animals, whereas small bir<ls are preyed upon 
by both small and large. IjJirge birds should, therefore, show 
less*secondary sexual dimorphism than medium-sized birds, and 
these less tlian birds of small size. Finn describes the size of 
birds by comparing them with well-known English ones -for 
instance, of parrots lie says “less than tit to that of .‘in or<linary 
fowl,** of liornbills “ from that of a lien turkey to tliat of a 
jiigeon,” Jiirds thus used in <lescription may be classifh*d 
into large, imslium, and small, and, with this as a measure, 
'Pable VI1. has been compiled. Parrots would full, tber(*fore, 
into fill three columns, and horiibills into medium and huge. 


1 






Taule VII. 

Lnrgr. SituiII. 


55"o 

11 

1-3 

is 

33 “o 

11 

20 » „ 

4 

31 “o 

13 

12 

It 

10% 

o 

10 “o 

1 

9“ a 

.3 

16“ n 

3 

17 

7 

15“,, 

5 


Noted.—C ompilod from F. Fiiiu’s ‘The Wovhi's Hinb.’ 

Table of laeaDuru for clasHifioutiou :—Largt»=swaii, p)ose, turkey, “upwanU,’' 
heron, 3 ft. ainl above in leii|i^1i: Medium =Jay, dove, rawn, rnok, 
mallard, partridtj^e, crow, fowl, iilicHMant, “ modiuin jackdaw, 

lien, duck: Small—lark, “very Miiiall,’* tlirudi, sjmrrow, blackbird, tit, 
swallow, quail, starling, linnet, ‘*3 inches/* 

Ktferciice Nos. :-l L. 1, 2, 6, 9, 13, 18, 25, 32, 35, 36, iS : 2 L. 7, 12, 20, 37 : 
3 L. 11, 23 : 4 L. 6. 14, 16: 1 M. 1, 2, 4, H, 13, 17, 18, 22, 25, 28, 29, 32, .35, 
30. 40, 46, 40, 48 ; 2 M. 3, 7, 10, 12, 15, 20, 27, 31, 33, 37, 39, 12, 50 : 
3 M. 11, 23, 38, 47 : 4 M. 6, 14, 16, 19, 31., 41, 49; 1 S. 2, 4, 8, 17, 18, 22, 
28, 80, 32, 30, 40 ; 2 S. 3, 10, 12,16, 20, 20, 27, 31, 33, 37, 39,42, 41, 50 ; 
3 $. 21, 38, 47 : 4 8.10, 19, 24^ 34, 49. 

Sec4iiiflary sex characters classified as prei iousty. 

Pkoc. Zool. Soc.— iai5, No, XLVI. 46 
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The table shows that 15 per cent, of large birds, 17 per cent, 
of medium, and 15 per cent, of small often present sex differences. 
In this respect there is little difference, but of large binls 
55 j[)er cent., of medium-sized 43 per cent, of small 33 per cent, 
present no sex difference. Examination horizontally also shows 
that large birds les& often present secondary sexual dimorphism 
than the medium-sized or small birds. 

. Instead of studying birds as a whole, certain families, chosen 
at random, have been examined by themselves with respect to 
the question of size. In l)arl>ets, jacamars, puff-birds, wo<k1- 
peckers, and toucans the Tables III. and VIII. show that the 
smaller species present the most secondary sexual diinor}>hism. 
In hornbills and kingfishers, however, this association is not 
found, though tlie reverse does not hold, 

Other families show the effect of size without any detailed 
analysis; for instance, in the Anatida' swans and geese present 
little or no sex difference, and in the Falcoiiidte it is only the 
smaller species which show any sex difference. • 

On the whole, therefore, the consideration of size appears to 
supjx)i*t the thesis. 

Tab^e YIII. 




a. 

V.Hl.d. 


KO d. 

li. 

v.d. . 


f No. of gpei^ios 

21> 

— 

1 


1 

3 

1 Ibirbpts 

1 Average total length 

H’O 


74 


(U) 

5*8 > 


} No. of Hpecies 

48 

1 

1 

1 

3 

1 ; 


L A verage wing-length 

3-44 

31 

3-4 

3-3 

3*23 

2*«o' 

I 

; Jacuuniu’R 

( No, of gjieeies 

1 

8 

5 

1 

- 

-* 

V Average totiil length 

11 

8-2 

77 

H 




.-if- 

_ 






' Puft-bird« 

C No. of «i>eeie*< 

8 

— 

ti 

— 

--- 

“ 

t. Average total length 

7*6 

— 

7-0 

— 

— 

— 

Kiiigfifetbem 

( No. of apecicR 
’ i Average length 

13 

0*5 

2 

]0'2 

7 

12-0 

u 

lO’O 

1 

85 

“l 1 

o-o 1 

t Average length 

1 

103 

27 

luo 

22« 

7 

107 

3 

21 

— 


Notbs.— <'onipiled from Monograph* on the C«pitonidnp by C. T. AG, L. Marshall; 

Galbulida: and Biicconidm by P. L. fciSclater; Aloedinidaj by H. D. Sbunxi; 

Picidn by Alf. Malherbe. 

For column boadinga, see Table IIL 

—This is another factor which should protect birds 
from enemies to some extent. Numbers may be able to resist 
au enemy to which one would fall a victim. Sociable birds 
should, therefore, show less secondary sexual dimorphism—as is 
the case, eee Table IX. 
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Table IX. 

I SiK-iublf* Birds. Not Sociable. 

1 1 . 

2 . i- 1) 

:i 1 1 

J* o ;> 


Notks." (\)n)p)]('d iroui F. Finn’'* ‘The World’s Birds.’ 

Of the rointiining birds no note is made eveept I’ussiM'ine hiriB. whnh arc dosn'ilicd 
Us sometimes sociable. 

Some hirds*form coveys or lu'iiily asswiiitious out of the breeding-season--g.'iiic- 
Viirds, tor instance, .and other birds form fbielcs, c. //. ducks. 

UeferiMice Nos ;-l Hoc. 1, 2, 4, 9, IH, 22, ‘ii'i, do, dC,, 1.M, m • o Hoc. 7, .Tt, 12, 
44: rt Hoc. 47 • 1 Non-soc. S, 2S, 32. '15 . 2 Nfiii-soe. 3, 10, 12. 20, 2<>, *27, 
31, 30, 60 ; ,1 Non-soe. 21 : 1 Non-soc. 5, hi, h», 21, H). 

Sei'-ondary sex cliuracters elussltied as befoie. 

Hirds iiiay tiLsd axoid l>y haviii^^ a liaijihil. wIumo t-lioy 

ai*o l*m' IVoin oneinii*.^ for iinslance, inouiitain-toj>.s, i.slatid.s, 
airtu* ro^ioiis, or(‘atis. Oroanii* aro iiudtidod i)i Taldo J. 

The only otli<3r iiiiiftMial with which it has been found [lossihlt* to 
cxaniino thi.s ion is Scchohiti’s inniio;2ra|di of the Tiirdidfc ; 
for in tills family there is a sntKciont mimber of insular and 
(jontiuental forms for compariit ive purposes. Talde X. sets oat 
the material, and it can he seen that .secondary sexual dimorphism 
is much less common in insular than in continental species. Of 
t he four continental species of iheffeuus wdiich present, 

little secondary sexual diinorphi.sm, it is noteworthy that there 
are throe lixin^ hifjh up on xoleanic monntains. 

I'ahle X. 


luftufar. i'imUmnUil. 



a. \>ld. 

sl.d. 

Nti.d. 

d. 

vd. 

H. 

x.sl.d. ‘ 

4.d. 

so.d. 

d. 

\.d 

Merul<t 

d 0 

3 

1 

o 

1 

u 

o 

2 \nlentiie 

2 

1 \(deaJiie 

4 

17 

16 

QpocirhJa 

, 14 0 

*2 

0 

0 

0 

18 

•»I»e(*ies. 

0 

Npecies. 

0 

1 

3 

Tufdw ... 

1 

8 


— 

— 

- 

36 

-- 

6 

- 

o 


Mimocichlu 

3 




_ 


_ 

_ 

_ 

_ 

... 


Noth, -(’ompiletl from II, StHdadim’s ‘Turdida*.’ 

Eiideavoura were made to find other material in onlor to sub- 
htantiate or not this remarkable correlation, but none was found 
suitable foi’ classification. 


46 ^ 
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So'tig^ another sec^ondary sexual character, was also treated in 
the same way, and clearly substantiates the former finding as is 
shown in Table 

Table XI. 

I I Insular. Contintmtal. 


1 

1 

Sing. 

? 

No song. 

; Sing. 

r* 

No song. 

j Merula . 

... • 6 

18 

3 

17 

21 

1 

! 

, Gaociohta 

o 

13 

1 

9 

14 

1 

' Vurdus . 

1 

7 

1 

30 

16 

1 


Notb.—C ompiled finmi H. Seebolinrs ‘ Turd id®.’ 
i*—No Moto was made with wdewMice to soup:. No hohjj: id cinder 8iich dcHcriptions as 
“eonj? not known,’* “hiiil i« silent,'* “never heard.” 

. Birds may be looked at with ml vantage from another [>oint of 
view. In Table XII, they are classified according to their sexual 
dimorphism without reference to any other factor. Examin¬ 
ation of this table (XJl.) show’s that among birds presenting no 
sexual difibrence (column 1) 10/22nds 45 per amt. are relatively 
free fwin enemies; among birds usually i)rcsentinig no sex dif¬ 
ference (column 2) 5/15ths 33 j)er (* 6111 .; among birds scnnetimcs 
presenting sex difference 2/5ths 40 per cent., and among birds 
nsuiilly presenting sex tlifference 0/8ths 0 per cent, are free from 
enemies. 

Table XIT. 


1 ^ 0 

2. 

3. 

4. 

\ NL. X., 

N.b, L. ! 

N.L. L. 

1 N.L. 

L. 

i 10 12 

5 10 

2 3 

1 

0 

8 

1 45% 


40 

1 0*’. 


Notes. —CVimpiled from F, Finn’s ‘The World’s Birds.’ 

Numbers at column headiiifrs refer to secondary sex characters as before, N.L.«not 
liable to attack; L. liable to attack ; % =* percentages of birds not especially 
liable to the attack of enemies. This is a synopsis of the previous table. 

Reference Nos. j— 1 N.b. 1, 2, 6, IS. 17,18,32. 86. 36, 43 ? 1 L. 4, 8, 9, 22, 26. 28, 
29,80, 40, 46, 46, 48 r 2 NX. 7,12, 20, 33, 44: 2 L. 3, 10,16. 26, 27, 31, 
87,39,42,60 : 3N.b. 28,47: 3 L. 11, 21, 38; 4 6,14,16, 19, 24^ 84, 

41,49. 

Thus it is clear that birds liable to attack more commonly 
present secondaiy sexual difibrences than birds not so liable to 
attack. If, instead of considering birds from abroad standpoint, 
a moi*0 detailed analysis be made, the same result is anived at. In 
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the ease of passerine bii^la, j)Owei*ful species are only to be fonnd 
amongst tliose showing no sex dimorphism, e, (/,, crows, drongoes, 
shrikes. Hwallows, whicli are aerial bii*ds, present little or no 
sex dimorphism. 

The classification of sexual dimorpliism chosen for analysis 
refers almost entirely to sexual dimorjilusiii of colour ; nevei tJje- 
less, it will be advantageous to consiiler britdly other secondary 
sexual differences- - song and pi*ecopulatory displays. 

As regards song, this character is fre(juently to l^e fouml in 
birds presenting no sex differences in colour and form, but wbicb, 
nevertheless, do not appear to be e.KpeciaIly fi ee from the attack 
of enemies for in.stance, among warblers, Americ.an vvar))lers, 
wrens, cuckoos, larks, pigeons; whilst among l)irds not liable to 
attack, song-ldrds are very nncominon, if not ontii ely ab.sent. 

]t thus appears that this ditiau'phic character is correlated to 
vulnerability to enemies, ami accoimls for .some of those cases 
of birds presenting little or no sexual dimorphism of form or 
colour, but which are yet liable to the attack of enemi(\s. 

Precopulatorjf display or the displays of courtshij), is another 
secondary sexual character open to investigation. Jlere, Jigain, 
birds showing little or no <lispl.ay are birds not liable to attack, 
whereas birds show ing great di.splay Jiro especially liable to attack. 
In the ‘World’s Itirds/ under the lieatling “(Courtship,” sexual 
displays are briefly describ(*d in 25 of the 50 families under con- 
si(hu*ation. Ju the cn>ie of 10 of the 25 the usual actions are 
<lescribed : against diurnal birds of prey there is the remark 
“never .seen the display/’ divers “said to be on the wing,” 
horn bills “ little known whilst against ))nst,nrds “veiy elaborate/’ 
game-1 )ir(ls “elaborate,” cranes “ very elabointe.” Cranes, then, 
binn an exception, for they possess w^eapons of defence. Never¬ 
theless, wrtain factors might lead one to suspect that thiy 
are not entirely free from attack; th(»y are terrestrial birds, tiny 
are excellent-eating (then* foo<l h<dng mostly vegetables, seeds, 
etc*.), and in the East they are a favourite ([uarry of the hawker ; 
they are also nsually not soei.able during the brecnling-season, 
and, lastly, in most species lK)th sexes take ecpial part in the 
displays, so that in truth they do not pre^sent se<‘nnd;»ry sexual 
dimorphism in this respect. 

It is very fortunate that craims needed this detailed considera¬ 
tion at thc5 end of fbe examination, which lias covered a great 
(leal of material, as it is easy to draw’ attention to the fact tliat 
this is almost tlie only occ^jsion (ducks also) w hen such treatment 
became neeessiiry. 

Summing up, it may be Hai<l iliat for ciertain reasons—namely, 
beesause of aerial, acjuatic, and oceanic habits, possession of defen¬ 
sive and ofFeirsive w^eapons, of <living-habit.s, of ill-flavour to man, 
of large size, of insular habitat, of social disposit ion, of carni¬ 
vorous habits—ceiiiain birds must be relatively free from the* 
attacks of enemies; and it has lieen shown tliat these bir<ls 
present less secondary sexual dimorphism than birds which for 
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other reasons—nanielj', possession of terrestrial anti ai’boreal 
habits, of no defensive weapons, of non-diving habits, of no ill- 
flavour to man, of small size, of continental habitiit, Of solitary 
disposition, and of non-carnivorous habits - -have been considered 
to be relatively liable to the attack of enemies. These two 
factors thus appear to be correlated, but it. is obvious that, though 
great sexual dimorphism is only to be found amongst birds liable 
to attack, nevertheless the converse does not liold, for some 
birds which <lo not appear to jK)sse.ss any special characters 
which would protect them from attack, none the less fail to 
present any secoinlary sexual diniorpliisni, e. g. ibises, mound- 
hiiMls, mouse-birds, rollers, barhets, and coursers. 

Conclusions may he briefly statetl:— 

(1) Among }>irds specially liable to the attack of enemies, 

secondary .sexual dimorphism is chiefly to he observed. 

(2) Among birds not specially liable to attack of enemies, 

secondary sexual dimorphism is 1‘arely found. 

(;^) In both cases, birds presenting no sexual <litferences are 
. represented, l)ut much more commonly in birds more or 
less free from attack of enemies. 

Having come to these conclusions, it will not he out of placie 
1,0 examine briefly tlie more important theories put forward to 
acjcount for feecondaiy sexual dimoi'phism, in order to discover 
whether any of them be substantiated or not. 

Mxuhermm of Vital Energy in Wallace, in ‘ Trojncal 

Nature,* believed that naiuiul selection could account for .second¬ 
ary sexual dimorjihism, by supposing tlwit only the strongest and 
most virile males gained mates, and that these mates thus came 
to possess an excess of vital enei’gy which became manifest in 
bright plumes, etc. If this be so, it is ditRcnIt to see the reason 
why biids vulnerable to enemies should he s]H*ciHlly picked out. 
One would think that it would be dangerous for these hirrls to 
make them.selves thus conspicuous, and wonhl have nnticijmted 
that birds not liable to attack could have clone so with more 
impunity. 

Sexual EeUctiou (JJarwin, ‘l)escent of Man’).—The argument 
used above applies similarly against Darwin’s theory, which in 
no way can account for the correlation under examination. One 
would have thought that female selei'tion would have had freer 
play among birds more or less fi*ee from enemies than among 
birds frequently subject to their attack. 

Nesting-Ilahita Tltxory (Wallace and others),— It has l>een noted 
that birds liable to the attack of enemies, and making open nests, 
more frequently present secondary sexual dimorphism than birds 
making closed nests. If, however, birds liable to tlie attack of 
enemies more often present sectondary sexual dimorphism than 
birds in general, then it follows that birds making open nests, 
and also liable to the attack of enemies, must do likewise. 

it is thus obviously necessaiy^ to decide wrhich is the more 
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important correlating factor—vulnerability to enemies oi* open- 
nesting habits. Table Xl 11. ileals with birds making open nests 
and in no way helps to decide the point; coursers, ibises, mouse- 
birds, tinamous, tourncous, pigeons, rails, shore-birds, according 
to the nesting-habit hypothesis/* should j)resent sex dimorphism, 
but they also fail to fall into line with the other correlation. 


Table XIII. Open-nesting birds.) 

Not t^siW'oiuUy Imhlo to attack. LiiiUlcIo attir-k. 


American Vultures, ('assowavif**, n ■ 'll i - i rn- 

1 . Oa.i..., DiveiK. (inllH. ours..rs. 11...CH, 1 ...a- | 

Stork., I'ensuius. « 1 


I a Cormorants, Hinls of Prev, n -i i i o 

Nightjar.? •’ 4 . IVroos. Rail., M...rr.b,r.U. 3 


13. 


i’urassows. 


bustards, (raine-l)iiYUy Humming- 
Lirtls. Sand-Hruiise. A 


If, however, one turns to closed-nesting birds (Table XIV..), 
it is at once obvious that open-nesting habit plays no ])art, 
bectuise several of the grou]»s present considerable secondary 
sexual dimorphism, and ijuite a large number a small amount. 

Table XIV^, ((1o.Ned nesting birds.) 

, 1 . bee*Kilters, Hiioiioe**, Hollers, Motniota. 4 


j 2 barhet^, .lacjimars, Kiiitrfishers, Parrots, | 
j ' Woodjieckers. .> 

I _ 

I «S. HornhilU, Toneiiiis, 2 i 

I 1'. Trogon.s. 1 | 

Notk. (knnpiled from F. Finn'h ‘The WorldV biids.’ 

Table XV, continues the two previous tables, and also deals 
with fiunilies of birds making l)oth i»pen and closed nests. It 
shows that the relation between open-nesting habits and secon<l- 
mj sexual dimorphism is, if not entirely negligible, at any rate 
not nearly so close as with vulnerability to enemies. It may be 
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mentioned that the AuKtralian warblers (Maluridw) present great 
sex difference (the inaleK are amongst the most brilliant of birds), 
and yet they make closed nests. They are small defenceless 
birds, and so they not only form excej)tions to the open-nesting 
theory, but siippoii; the correlation under consideration. 


Table XV. (Nesting-habits.) 

I ' 

Ope,, nest.. ; | Cloml nests, j 


13 

52 "n 

65 “o 

! 

3 

1 * 33>'„ 

1 

: 

4 

33 «o 


28 “o 

47 

i 

3 

i 33 

20 

5 

42 

33“'„ 

1 

4‘'o 

i 

1 

1 

- 

2 

17“,, 

66 

4 

16 "o 

i 

3 

33 «„ 

37 »» 

1 

8% 

13 


Notsr.—C ompiled from F. Finn’s ‘The World’s Hirds.’ 
lfoney-} 2 :nid<^s, jHiraHitic; the rest. iieHting-hiibitR not mentioned. 

Reference Nos. to middlecolmiin, the othm are to he seen in Tables XIII. and 
XIV. 1 open and elosed, 2, 82, 36 : 2 open and closed, 10, 15, 44; t open 
and c*1os(h1, 14, 19, 34. Pci'ceiitagea to right of figures =* horixontal per- 
centagcs, lan'oeiitages below ** vertical i>orcentnges. 


Further, it is noteworthy that Honey-gnidc^s (Indicatorida*) 
sometimes present sexual differences (Finn), and yet these birds 
fu-e parasitic. This eRoepticm is impoi-tant because it sliows that 
the reaiing of young as well as the open-nesting hahits cannot 
account—in this case, at any rate—for secondary sexual di¬ 
morphism. 

Tlie Aphro^/Utim Theory ,—Those who believe in the necessil,}' 
for an aphrodisiac (bright feathers, sexual display, an<i song) 
must assume coyness on the part of the female. Little, if any, 
attempt, however, is made to establish this important sexual 
difference—a coy female and an impudent male. There does 
not appear to be any reason why the females of birds espexdally 
subject to the attack of enemies should be especially coy, or that 
among binls not especially subject to attack the females should 
not I'equire a powerful stimulant. 

The Cutaholmn. (Prof. Geddes and Thomson, * Evolu¬ 

tion of Sex,^ 1889).—The secohdaPy sexual structures found in the 
males are considered to be due to a katabolic constitution, aiul 
tbeir absence in the female due to nii anabolic tendency. 

No attempt is made to explain the distribution of srcondarj^ 
sexual characters among birds on this theory, or to give a reason 
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why some binls present great exti'n-sexual difierence anil others 
little or none. The conclusions arrived at in this i)aper do not 
appear to l)e explicable on this theory; there seems to be no 
reason, for instance, why birds especially subject to the atl^ack of 
enonies should be more katabolio than lards not especially so 
subject. 

The, MemleUmi Theories .—Although the followers of Mendel 
Jiave carried out very impoitimt investigations with regard to 
secondary sexual chaia,(‘ters, as far as J am aware, tJiev have 
made no attempt to account for the distribution of these eliarae- 
ters in the animal kiiigdom. 

The I/onno7ie Theory Aiehiv fiiv Entwieklungsmeehanik,’ 
11)08), J. T. Cunningiiam.— Aceoiding t») this tlieoiy, seeoiidary 
sexual eliaraeters heeome establish(‘d in tlie following manner 
As a result of eertain meehanicaland funetionalstimuli, lonfined, 
tor instanee, to the male, certain organs of the male take on new 
eharaete.i*s: these are acquired chameters. During their jiro- 
diietion a specific liormone is produced, which stimulates th(‘ 
corresponiliiig determinant in tJie g^imetes and alters them in 
such fashion that, dining development, tliey reproduee the 
acquired charaeter ; Imt it also alters thorn in another dii eetion— 
it implants in them an ability to rcqirodnoe the acquired elnraeter 
only in the presence (»f the male sexual hormone. In the absence 
of tbe male sexual hormone, tbe cliaraeter cannot develop: for 
instance, if a stag bo eastniied tbe antlers cannot dev(*lo}> on 
account of tbe absem*e of the male Jiormono -the ebaracter 
remains <loriiiant. ObviousI}’ tlie ma,t(*ri.‘d here dealt with 
applies only to tbe first part of the theory, that dealing \\itb 
meehanical and functional stimuli. 

Jn tbe case of birds tbe functional stimuli, wliieb call forth the 
bright plumes of tbe males, are those associated with the display 
of these ornaments during courtship, “the tail of the peacock 
becaino brilliant and hypertrophied heeause it had been con¬ 
stantly erected.’' Tlie stimulus calling upon tbe male to tlisj)]ay 
seems, therefore, to be tbe deciding faetoi*. 'riius in order to 
snp]»ort ibis theory, it would be necessary to show that the males 
of birds subject to enemies sutler more from such stimuli than 
do those birds relatively not liable to be attacked. 

Finally, it is necessary to point to the importance of the 
correlation under consideration with rosjieet the ]>ossil>ility of 
it being able to account for the presence of secondary sexual 
elijiracters. 

The activities of animals fall under three headings ;— 

(1) Those associated with the proi^nring of food. 

(2) „ „ escape from enemies. 

(3) „ „ repml notion. 

It has usually been thought that the sexes bear tbe same 
relation t.o the environment as regards tlio procuring of food and 
tlie escape from enemies ; and tIiei*efoi‘e to account for set*ondary 
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sexua] chamotei'S, search has always been made in the repro¬ 
ductive environment. But the correlation between secondary 
sexual dimorphism and vulnerability to enemies indicates that a 
solution to the problem may possibly be found to be related to 
the activities associated with the escape from enemies, and 
especially if it could be showm that the sexes do not Ijear the 
same relation to the environment as rejifsrds escape from enemies. 

The author has attempted %o show elsewhere (‘ Controlled 
Natuml Selection,’ 1914) the lines along which solution may 
;^x)ssibly lie. 


J^eference List of liirdu. 


1. Ammcan Vultiirca (Cnthartidiv). 

2. Auks (Alcidse). 

3. Barbets (CapitonidaO. 

4. Bcp-aotors (Merupidiv). 

6. Bustards (Otididw). 

5. Cassowaries (Casuariidip). 

7. Cormomnts (Plislacrocoracidte). 

8. CourserK (Glareolida^). 

8. Cranes ((iruidap). 

10. Cuckoos (Cuculida*)* 

11. Ourassnws (Cracida;). 

12. Birds of Prey (Palconida*). 

]3. Divers (Oolynibidn). 

H. Ducks (Anatidffi). 

16, Froginouths (Podarpfida*). 

16. Gaine-birds (Phasianida*). 

17. Grebes (Podicipadida*). 

Gulls (Lfiridte). 

10. Hemipodes (Turnicidee). 

20. Herons (Ardeidoe). 

21. Honej’-guides (Indicatoridsp). 

22. Hoopoes (Upupida*). 

23. Hornbills (Bucerotidflp). 

24. Humming-birds (Troebilidjn), 

26. Ibises (Ibidklai). 


26. .laoamars (GalbuliduO. 

27. Kingbsbers (Alcedinube). 

28. Motmots (MomotidaO 

20. Mound-birds (Megapodiida,*). 

30. Mouse-birds (Culiidm). 

31. Night.iars (Caprimulgida*). 

32. Owls (Strigidio). 

33. Parrots (Psittacidm). 

34. Passcrine Bi(Passeridw). 
36. Penguins (Spbeniscida*). 

36. Petrels (Procellariidffi). 

37. Pigeons (Coluinbidad. 

.38. Puff-birds (BucconidaO. 

.30. Rails (Rallidie). 

40. Bnllei’s (Coraciida)). 

41. Sand-Grouse (PetrocHdie). 

42. Sbore-birds (Cliaradriidje). 

43. Storks (Ciconiidte), 

4i, Swifts (Oypselidm). 

46, Thick-knees (GidicnomidH*). 

46. Tiiiamons (Tinaiiiida*). 

47. Toucans (Khampbastida*). 

48. Touracous (Muso))bagida>). 

49. Trogoiis (Trogonida*)- 
60. Woodpeckers (Picida*). 
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49. Some Ol)sorvafioii«f on Pattorn-Hlendiiifi: w if li refcreii(*<» 

n 

to Ohliferative Shridin^ and (^oncoalnienf of Outline. 
Ky J. { \ Mo’itham, M.B. (lioinl.) *. 

[Rwoi\«'(l Jiinr 25, iai5: NomiiiIum 0, 1015.] 

(Text-fi|afures 1 .5.) 

1m>k\ 

M()Ri'iroi.o«*’i • 

PattoniM. K\)>(M*iu)rn1ftl Mii.ih'.is of . 070, oH3. (i87 

Pntt(*ms. Atiuhuioiiu nt of iu AlauturoilN PinK. ami (*tSl, OSO 

Ki HoioOY; 

Patteriifl. (\>iu‘oalimr power of 

Tliis papor mdtnivours lo show that the )»atforns found on 
niiitnals limy in many oases be <»f use in oonoealinonl aftei'tln*v 
ba\<* become blemb^d wifli distaiioe. and that tin* ])attern«» of 
many animals jne not intended lo represj*nt pi<*tiires of tbeir 
baokgiounds. bid are aids to oonoealment onh after Idending. 

ul trhieh HhuiVnuj tnhes Placp, 

If a surfa(*e of black and w'liite sqnaies or of black and w’bite 
lines, or black and wdiite spotted snifaces be examined from siic- 
cpRsivel}’ increasing distances, a joint will be reached wliere the 


Text-figure 1. 



I)iap:rain sliowiiit? tlcmliiig dwtaiuTh. ExiMniinratttl comlitmiis as m 5, 7. 


jiattern can no longer be seen butisrojdaceil by an even grey tone. 
The distance at wdiich this change takes jdace was found to dejiend 
on the size of the black and wliite areas. The iliagrain (text- 
fig. 1) iiidictites the distances at which blending takes place iu 

• CoiiiHiuiii(*ated by tlie Srcretahy. 
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the case of alternate black and white squares and stripes under 
the experimental conditions stated. 

Further experiments showed that the blending distance of 
different shapes depends upon the relative concentmtion of the 
black and white areas, the more concentrated the greater th^ 
blending distance. If, for instance, a checkered surface compose(l 
of squares of 2 square millimetres be compared with a surface 
composed of black and white oblongs of 1 multiplied by 4 mm. or 
*5 multiplied by 8 mm. or *025 by 16 mm., as regards the blending 
distance, it will be found that the distance is greatest for the 
squares and least for the narro^vest oblongs. On comparing 
squares with other ffgiires in this respect, for instance, with circhis 
or triangles, it was found that the blending distance was i-elattsd 
to the concentmtion of tlie various shapes. 

The Surface which Results after Bletiding, 

If a pntterned surface of black and white be gradually 
approaclied from a distance, the surface which at first .M,pp(»ar(Ml 
of a [>erfe<'<tly even grey tone wdll, at a certiiiii point, become gi*»in- 
nlar, and a very short distance in front of this the pattern will 
suddenly shine forth clear and defined. 

By varying the relative proportion of black to white in tlie 
pattern, all tones of grey can be produced when tlie patteni is 
blended. It is thus possible to match a given grey .surface by 
means of black and white pattern, and also possible to re]>roduce 
a graded surface of gi*ey: text-fig. ‘1, /, shows without any de¬ 
scription how this (jan Ih 3 done. If these copies of grey.s with 
patterns be fixe<l to solid figures such as a cylinder and be tlien 
examined, it wdll be foiin<l that after blemling, the copies are 
undisturbed. It follows that the obliterative^ sfjading so com¬ 
monly seen on aiiiflffals and consistitjg of low tones where the 
light strikes, high tones in the shadows, and intermediate tones 
l)etw'een the two, could be reproduced by means of ]>a.ttern. 
Search has therefore been made amongst animals to discover 
whether this method exists. 

Some Ejcamples of Animals which appear to show Obliterative 
Shmlmg by meam of Pattern-Blending, 

Grant’s Zebm [Egwas hurdt/elli granti), — This animal’.s coat is 
coloured black ami Avhite, black stripes (ni a white lMM?kground : 
the b'adcground, unlike that of the va.st majority of animals, j>re- 
aents no obliterative shading, it has the siime tone throughout; 
the strif>es are somewhat darker on the l)ack than they are below. 
On referring to text-fig. 2, 8^ it can be seen that on the dorsal 
surface of the animal and on those parts of the body wdiere the 
light strikes, the stripes are bix>ad, whereas on those parts which 
under natural conditions would he in shadow, the stripes are 
narrow: further, on those areas which w^ould be more or less 
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evenly lit, as for instance the veHjeal siii faces of the le^s niul 
sides of the face, the stripes inainlain a inoie or less constant 
>\idlh. From what has been ohseived under eAjierinienlal 
conditions as regalds pattern-hlending, itisoh\ioiis that, if one 
cojisideis only the tiunk of this animal, the \ar}ing wi<lths of 
the stripes alter blending must juoduee a condition ot gre\ 
similar exactly to ohliteiati\e shading as seen, for instance, in 
the ass. 


Te\t-liguie 2. 



/ (iirtut x {Kfjtdts ftKHhtffi tfranft) hiiul \uw 

J Tin sHiiu \»*w stnpf^ (mullMl '‘howiiiu ilint shadows umlti tnp lulitinp 
'> batoiul \K\\ ot Name uinuuil 
j Hind MOW ot lius( ot tail showiii.. pattuii 

Hind MOW oi ha *)0 of tail, paittui oniittt«l showing shadiii;: as in J 
Hind MOW ot Ti^n (F<Oa showing piittein, 

/' Kiont Niow ot (iiunt s Zolua, *>howin}>: pattoin 


Amoiigvst hig-ganie hunters there is a ditlerence of opinion as 
to whether this animal is easily seen or not, under natural con¬ 
ditions. It ap]>ears tliat this difference of opinion is largely due 
tiO the district in wdiich the hunter has ohserved these animals. 
In some districts the zebra is relatively tame and the hunter 
can fre(|uently approach to within the lilending distance of the 
patt>ern, whitdi has been vai*ioiisly estimated, a,t;cording to the 
lighting ! under these conditions the zebra wdll of course appear 
a very conspicuous animal. On the other liand, in those districts 
where neiu* apjiroach cannot Ije gained on account of tlie open 
natui-e of the country or wildness of tlie animal, tlie hunter will 
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look Upon the zebra as one of the most difficult wild animals to 
pick up. 

Of the zebras, E* burcfieUi presents between the stripes con- 
sfderable obliterative shading, as well as faint stripes of biiC 
E. grevyi also has some obliterative shading, E, zehra very little, 
and E, hurchelll granii none at all. Complete absence is, however, 
not uncommonly seen in all the species. 

Thayer, in ‘ Concealing Colomtion in the Animal Kingdom,* 
looks upon the striped coat of this animal as an obliterative 
picture-pattern of rank grasses and tree-sterns : it is noteworthy 
that he makes no mention of the absence of obliterative shading, 
which he elsewhere insists always forms the canvas for picture- 
painting. If, however, examination be made of the pattern to 
be seen on viewing a zebra from behind (see text-fig. 2, 7.), it is 
’ at once evident that this does not represent a picture-painting of 
reeds, herlrage or trees. On the other hand, it illustmtes in a 
remaikable way obliterative shading by means of pattern. Text- 
fig. 2, J?, is a modelled drawing of the same view with the stripes 
omitted, the lighting lading from above, and show^s the riiajoi* 
shadows which are casjb* On comparing these two figures it can 
be seen that in the high lights, the stripes are broad, and that as 
one passes into the shadows, they fade away; where the high 
light strikes the hocks the bands are broad, wlmrefis below the 
liocks where the leg is in the shadow, the stripes are narrow. 
The stnping on the tail even falls into line, as shown iji text- 
fig. 2, 4,^- 

The Guineafowl {Numida rnehagris). —This bird illustrates 
obliterative shading by means of white spots c»n an even blue-grey 
background (text-fig. Jl, 1, bottom right-hand stjiiare). On the 
buik the white spots are small, but become larger as one 
passes to the ventral aspect, ^here they are four titues the 
diameter of those the hack. In some species the vrings ai-o 
covered with a series of short wliite liais, narrow on the back 
and broader Ijelow, as the wing lies covering the lx>dy during 
rest. These markings on the bird blend at a coiniwratively 
short distance; within the blending distauco the bii*d appeal’s 
conspicuous, beyond, difficult to see. The bird lives in open 
countrjs and there does not appear to be anything in its surround¬ 
ings which this pattern emulates. 

The Cheetah (CyntBhirtM The pattern, as shown in 

text-fig. 3, Ij bottom left-hand square, consists of black spots on 
a pale fawn background: the backgiound presents either no 
obliterative shading or very slight; the spots are close together 
on the back, gradually becoming more distant towards the ven¬ 
tral surface, which is hidden by a fringe of long hairs projecting 
downwards from the flank. 

The Serval {Fdu serml) presents a similar pattern to the 
Cheetah except that in the dorsal region, spots are replaced by 
short bars. This kind of pattern is commonly seen in the 
Civets. 



rAlTERN-BLEXDlNO, 


683 


The Jaguar {Felis onca )»—Here the pattern is laid on a back¬ 
ground presenting very little obliterative shading : on the btjelt 
are closely placed )>Iack spots; as the ventral surface is approached 
the spots) are seen to contain a central liglit brown area which 
gni,dually increases in size, whilst the suiTounding dark ring 
diniinibhes and on tJni ventral surface Uicoines broken up into a 
munber of separate spots irregulai'iy arranged around the centivil 
area. This central area is always somewhat darker than the 
background and nstially contiiins a small centrnl black spot. 
View’ed as a whole this rather complicated pattern (see text-iig. 
3 , 17 ) shows a decreasing ((uantity of black from above, down¬ 
wards, and when blended at distance will produce a gradtul tone 
similar to obliterative sliading. A similar pattern is found in the 
Ocelot (/^ pardafis) and in several varieties of the Leojmr<l, where 
it is often associated with an entire absence of obliterati\e 
shading. 

'I'liese patteiTis found in tlu* genus Fdis have been considered 
to he picture'pain tings ()f a chcckere<l backgrouml, for instaince, 
leaf-shadows ou hare ground ; hut the extreme regularity of these 
patterns is so unlike the very irregular nat ure of such backgrounds 
and so iiidike the patterns which undoubtedly do simulate these 
backgrounds, t-bat this deduction does not a2>pear to be well 
founded ; es2)ecially as these jmiterns blend at a comparatively 
short distance, pi obably within the charging length of the cat: 
and lastly, several of these animals inhabit open country. 

However, apart fi’om tliis consideration, the facts remain that 
tliese patterns will jnoduce after blending obliterative shading, 
which is otlierwise not ^iresented ; and these patterns must in this 
respect be 2M)W’erful aids in concealment. 

)Sut!i'*.ient examples liave now been given to illustrate that this 
method of concealment is by 310 means uncommonly utilised. 
Black and wiiite has l>een chiefly dealt wn'tb, but any colour ciju 
be prodnce<l by the bhaiding of 2»ft^tterns consisting of two or 
more colours: examples of this are not ditiicult to ibid, ha- 
instance laown is often produced by the blending of butt'and 
black. 

Experiiueiits were* carried out to discowr whether this metbiHl 
of coloration had any a<l\aiitage over an iiiipatterned one. Jf a 
grey disc he examin<*d in front of a series of hackgrouuds varying 
from black to white, a jiarticidar hackgrtanid will be I’ouml against 
which the grey disc is invisible, tins being of course that back¬ 
ground whicli is of an exactly similar tone to the disc: against 
the other backgrounds the disc: will he vissihlh at varying dis¬ 
tances. If the results so o])hiimMl he com pared with those obtained 
w'hen a disc of black and white squares, which after blending 
produce the same tone of grey as the original disc, is sul>stitut^l, 
it is found that the cheiikered disc jiossesses no advantiige as 
regards the distances at which it can be seen, over the 2)lain disc. 
There is, howrever, an exception : against the background on w-hich 
the plain disc is iiivisilJe, the checkered disc is of course visible 
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within blending distance, and against backgrounds closely similar 
to this background the checkered disc is at a disadvantage as 
i*egards invisibility. Over a long series of experiments there was 
some indication that against other backgrounds the checkered disc 
was slightly less visible, the measure being the greatest distance 
at which the discs could be seen; but although great cai’e was 
taken witli the constants of the experiment, the differences were 
too small and the experimental error too large, to justify a definite 
conclusion, particularly as the appeaiance of the cho(;kered disc 
after blending was remarkably different from that of the plain 
<Usc. When the plain disc was visible, its outline was seen to be 
sharp, so that its shape could easily be recognised, but wdth the 


Text-figiue 3 



Examples of obliterative shading by meaiib of pattoru-bleiidiiig 


checkered disc the outline was remaiknbly indistinct, so that 
it was fioijuently impossible to tell whether a square, ciicle 
oi equilateral tiiangle liad been placed against the Imckgiound. 
Expeliments were canied out in or lei to determine the factors 
contiolling this obseuiing of foim. Four squares weie prepaied 
as shown in text fig. 3, : as can be seen, these squaixjs consist 

of black and white areas of equal piopoitions. In fig. J the aieos 
aie inten’U))ted along the two opposite margins, in fig, ^ along 
the two adjacent margins, in fig. 5 along all four edges, and in 
fig. J there is no intenuption at the maigins. These M|uares 
were examined under different conditions of lighting and against 
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different toned backgrounds, and it found tliat on all occa¬ 
sions marginal indisbinctnes'; after pitt^rn-blending occurred 
where the black and white areas vvtn*o interi*ii[>teil at the edges; 
for instance, fig. J appeared as a grey squart? whilst fig. 6 showed 
an ill-de(iued grey area fading into the background. It was 
noted that when the background was near in tone to the squares 
after blending of the pattern, this obscuring effect was most 
marked : when the background was far removed in tone, for 
instance was black, or white, very little obscuring was noticeable. 
Other experiments showefl that the greater the width of the 
black and white ai*ea» 2 >a 8 sing out at the margin, the greater the 
obscuring edlect after pattern-blending. 

One i« now in a position to conclude that the method of 
obliterative sha.<ling by pattern-blending, as seen for instance in 
th(? Zebra, if it d(K\s not poss<»ss an advantage over the usiiaJ 
inetliod as regards visibility, as measures! by the distance at which 
the object is visible, nevertheless would seem to have a dejci<led 
mlvantage in that the contour or silliouettt^ of the animal against 
ha(*kgrouiids approaching it in aiiiiilarit}^ is made blurred rather 
than sharp* Jt is noteworthy that the stripes of the Zebra 
every whei-e pass out at the margins (see text fig. 2, /, and 7). 

Keferring to the possibility of tlie Zebra’s stri|)es being 
pictures of j'eeds in high light ainl shadow, as has been suggesteii 
by Thayer, it is noteworthy that the black sti’ipcB decrease in 
breadth from abov<s down, whicli is c-ontrary to expectation and 
io what actually is found among other animal«. Thayer lias 
pointed out that the markings on the hacks of <aniinalK are 
usually smaller tlian those on the ventral aspect, because they 
represent obj(»cts in the landscape inoi-e ilistant: they depict the 
foreshortening of tim ground. If reeils arepainteil on the Bebra’s 
back, oii« would at least have expected the stripes to be of equal 
wddth* 

The Tiger presents an excellent examjileof reed-painting! on a 
coat showing Well-marked obliterative sliading, dark stripes are 
to be seen, they are irregularly distributed, they for the most 
part increase in width from above, <k>wn, and on the belly 
they terminate in a large dark mass which, curiously'enough, 
often shows a small >vhit<} centre (compare toxt-fig. 2 ,1 with text- 
tig. 2, 0). 

Examples of outline-masking by means of }\at.tern-blendiiig at 
the margins are very commonly seen amongst Lepidoptera, but 
before considering instances, some experiments must be referred 
to. If one takes two flat surfaces, oue an even dark grey and 
the other an even light grey, and brings them in apposition as 
shown in text*tig. 3, 6*, the junction will appear sharp, no matter 
how viewe<h If now, at the junction a narrow band of black 
and white squares, which after blending will have the same tone 
as the light square, be interposed, see text-fig. 3, 6‘, it will be 
found that the junction no longer remains sharp ; if the outer 
.square be replaced by areas of ‘different topes varying from light 
Froc. Zool. Hoc. —1915, No. XLVll. 47 
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grey to very dark grey, the same result will be seen. It is easy 
to see that, supposuig the central square was an insect and that 
the difterent tones placed outside were the various backgrounds 
against which it would be likely to l)e seen, then the possession 
of a checkered margin would be a gieat aid towards its con¬ 
cealment. 

To fuither test tliis property of an interrupted margin, squai’es 
weie made as shown in text-fig. 3,7-10. these squaies weie 
made so that aftei pattein-blending they all appeared of the 
same tone. They weie examined against ti seiicsol backgrounds 
audit was found tlmt, wheieas lemained tor the most pint 
sharp, the others showed bluiied outlines; the blninng effect in 
the case of squaie 7 wjia not appreciably diffeient fiom that of 
if and 9, It appears theiefoie th«it a companiti\ely nairow 
Imikeii inaigin is elKctne. 

Te\t-figuic 4. 



Examples of maiginal pattmis . P«fiiiig« of scales pio)e(tiiig fioin Miiig-maigin 
1 l)nig\ SLippm, Hespena tat/en dot sal sutiace oi anti nor tiing 
J Gii/zled Skipp«*i, i£. i»cf^v<a dot sal suifaccot aiiinioi wing pattciii con¬ 

fined to ti IllgO 

S Common Blue, icarinv ventxal suiiaco of aiitmiorvnng pattern of 

inaigtual e-spots 

4 Chalk-lull Bluo. Z> eor^don doTMil smface of aiilerior wing pattern chiefl} 
confined lo hinge. 

J Fauitod Lady, Fj^ramei$ eardm, doisal sax face of postoriox wing. 

0. Lung tailed Bloc, L hmttca, vential auiface oi posterior wiiig pattein at some 
distance fiom niaigin. 

A few examples of this mode of concealment are given in 
text-fig. 4: It may be mentioned that outline-masking in nibecth is 






PA'lTKIlX-BLKXDINn. 


087 


also Imnight about, by scalloping of the innrgin and by a fringing 
of projecting scales ; other methods are utilised, but these two are 
specially mentioned as they enter the chosen example.s. 

Examination of the wings of insects showed that this marginal 
piittern is often a short di.stance from the extreme edge; experi- 
iiieuts were therefore cai-ried out to <li.scover at what distance 
the maigiiial pattern wouhl he effective. A grey s(|uare (text- 
fig. 0) was examined against varying bjwkgroiimls with the 
checkered margins (e(|uai in tone after blending) placed at 
var 3 u‘ng distances opposite fixHi margins, as shown in tlie figure. 
It was found that the marginal blurring, ja'oduced by the 
checkere<l patterns, was effective ulien they were placed a very 
short distance from tlie margin. Up to the widtli of tlie squares 
used some effect was noticeable, but was much morci market I 
when the distance was jjrodnced to one half or a quarter of this. 
The single row of stpiares appetired to be almost as effective as 
the <louble ; aUenqits were matle to obtain more definite results, 
but in the ahstnice of some method for estimating the amount of 
blurring, this was foiiml to lie iinpONsihle. IVxt-fig. 4, 6', is an 
examjde iti which tin* ma.rgiiia] pattern is .separated a short 
distance from the fn*e edge. 

As eye-<pots are fiecpiently to be seen near tlie. margin.s of tbe 
wings in Lepidoptera, it was thought tJiat they might play some 
part in concealment of form hy means of ontline-hlurring. A 
few' experiments w’ere carried out to discover whether tliis he 
so or not. hi the centre <»f a small grey area, an ej'e-spot was 
placed consisting of a black centre surrounded by a white ring, 
tln‘ proportion of black to white lieing so arranged that, after 
blending, tliey w'erc equal in tone to the surrounding grey: a 
similar gvey aiea was prepartsl but with no central eye-spot: 
tlmse two squares were then examined against various bnek- 
grounds; at the same time tlie squares were gradually red need 
in si7.e : itw'asthen found that wdien the square (text-fig. 3, 7/) 
was reduced to 12*71) uim., the eelges hegau to be blurred as 
compared with tlie edges of text lig. 3, /;7, especially against 
backgrounds not widely different in tone. Kiirtber reduction of 
the square to 10*3 mm, lieigbteneil the difference. 

In this particular experiment the si/.e of the eye-spot wras: 
total diameter 0*75 inni., black centre diameter 4 mm. Eve- 
spots of different diameters were also used, and it was found tliat 
tlie larger tlie s)x>t, the greater tlie distance at which mar¬ 
ginal biurring was produced. Some exptu-iments were also 
made, in which the eye spots were drawn .so that after blending 
they were different in tone from the surrounding gre}'. It was 
found that they were not very effective in margin-obscuring 
unless the background was closely similar to their tone, after 
blending : they appearetf as either light or dark areas on the grey 
sqnai*e. An experiment w'as next devised to discover whether 
this pntline-blendiiig, by means of an eye-sjwt, was more effective 
than other patterns. As shown in text-fig. 3. /./, a arev .sipiare 

47* ‘ 
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was prepared, in one corner of which a sqiiare eye-spot was 
placer], in another corner a square of the same si/e and containing* 
the same proportion of black and white hut distribute<l on either 
side of the diagonal, in a third angle a similar squai^ divided 
down the middle, the fourth angle was left unoccmpied. Xliis 
square wtiS then examined against A'arious backgrounds. Two 
facts wei*e recor<led : first, the eye-spot blended at a much shorter 
distance than the other two black and white squares, and secondly, 
the eye-spot square more efieetively blurred the angle of tlm 
gi*ey scjuare than did tlie other two patterns. It was, however, 
difiicult to decide how much difiei'ence thei*e imlly u as, because 
at the distance at which the eye-sj)ot was blended and producing 
blending at the corner of the s(|uai*e, the other two patterns i»ad. 
not blended. In order to sho\r the diftereuces in the blending 
distance: under the conditions of the experiment, the blending 
distances of these |>atterns (text-fig. 3, 7,4-/6*) were as follows: 
©ye-s|>ot 18| feet, diagonally divided square 32^ feet, inediMlly 
divided squai-e 35 feet. Eye-spots distrihutod over a suiihcc ai-e 
(»ften used for producing a |Mittern; in Lepidoptera they often 
form marginal patterns, hut more frequently form patteius some 
distance fixuii the edge, as is also the case in the Jaguar (sei$< 
text-fig. 3, 17), 

It appea.rs that a given quantity of bkick and white, used as 
cirtMilar eye-spots, forms a pattern which obscures the outline, if 
not better, at any rate as well as other patterns. In order to 
l>e effecrtivp in this respect the eye-spot, after blending, should 
not make a coliti^jist in tone with its ground ; this was found to 
)>e the case as regards the eye-spots on tiie under wings of a 
number of butterflies examiued : for instance, when the ground¬ 
work was light, the dark in the eye->spot was either small or not 
deep in tone. ^ 

Othei* possible uses for eye-spots have been put forward : they 
have been thought to be attmction marks which induce the 
attacking enemy to stHke them rather tlum vulnerable jwrts; 
they have been l<»oked upon as “^da/zlers to divert the enemy’s 
eye from the insect as a whole. If one examines the larger eye- 
spots and those on the dorsal surface of the wings of many 
butterflies, one finds that they do not, after blending, hnnnonise 
with the rest of the wing; thus it >vou)d appear that they pro¬ 
bably have a different function frcm thcxse found on the under 
wings, which it has been thought ai'e for concealment. 

Patterns have been considered as regaixls their powers of C 4 )n- 
cealing form, against plain liackgrounds only. Against mottled 
backgrounds, which pi‘obably are more common in nature, these 
powers of concealment are as effective, not because they may 
copy or be paintings of anything in the bacdcgroniid (they may 
be), but i)ecause after blending they wiircause the animal to fade 
Into its surroundings. 

Beyond the blending distance of a pattern, the question as to 



r A'lTEBX-BLEX DTX(i. 


680 


■ wVictber the [)afctern ch)eK or iloos not imitate some part of the 
aiiinmrs isuirouudin^s, does not <ioiiie in : pattern can only he 
effeetive in concealing form hy means of mimicry or protective 
colointion, within its hlendinj? distance; nevei'theless, beyond 
blending distance, as has been seen, pattern still has powers of 
concealiti^ fonii. It is possible that a ^iven jKittern may coin- 
biuu l>oth thest! uses. Hnpposc AE (text-fig. 5, J) he the extreme 


Textdignre 5. 



1 . Ground phin of nuparatuv f<ir t»\|M*ninfnt>» \\ith sn'tificinl jmtti'rn*.. 
i?. Tilt! sHiin*, inoditiod tor nifUMuriijr thi> IdrndiiiK diKtainrr oi thp patterns nt 
nistrth’ v^iii^s. 


rff* vn»(f to 1 anti J, 

H' 1):u‘lip'()undh iiiadr til ‘ Vf1o\ ’ pappr p\po-fd for vaijiiij: Irngtlis of hnio. 

(’ & ('^'-standard caiidlps. 

S A S' = serpens of “ Bristol ’’ Imard puinttHl Iduck. 

<)lij. = objtH.'t to btM’xaniiiipd. 

(i^-j^bihK plali* on whit*!) is j;lupd a suiall bead of cork to \t Inch the inspi t 
is piiiniHl. 

obs.=«<ibspi'\»‘r aloii^ tlio dotted line. 

* IJsiii^r the followin;!: distanees, an illuinination is olitained not unlike Ibat uiultr 
it lusigu on a dull day 

G-SainUr-S'^ « rm, 

(-obj. and t’'-'obj.-44) eni. 

C’ C' •- Ml nil. 

U”B~2ii oni. 


distance at which animal A is visibU*, and AF be the distance at 
which the pattern blends, then within the circle FGH the animal 



690 


DR. J. C, MOTTRAM OX 


will be protected frouj eneinien by iniiiiickiiig its s<in'OiindingK| 
and within the ring defined by FGtil and EIJ by mean^ of pro¬ 
tective pattern-blending. The relative importance of these two 
methods of concealment will be a(!Cording to the likelihood of 
enemie.s finding their way into tJie two arena, and the chance 
will 1)6 as the relative size of the two areas: the central area 
will, however, be at a somewlmt greater diwidvautfage, because 
the enemy in arriving there, must pass tln-ovigh the outer area, 
and in so doing may discover its prey befoie reaching the centre, 
Thei-elative importance w’ill also dej>end upon the eyesight of the 
enemy and the distance at which it commonly looks for its j>rey ; 
those who have watidied biifls feeding upon insects have often 
remarked the long distances at which they can see their quarry. 
'In Older to illustrate the distance at which the patterns of 
insects blend, measurements were made in the case of sixteen 
insects, as shown in the following table. 

It is obvious that the siz€) of an animal must affect the size of 
its pattern : for* instance, a pattern which blends at a few feet 
would be useless to an animnl the size of the zebm. It a})pears, 
therefore, that it is necessary, whilst giving the blending distance 
of a pattern, to also state the size of the animal, and the relation 
of these two in tlie form of a ratio as is done in the table. 
Whether by eompa.ring these pattern-blending ratios or indices, 
it is passible to separate animals presenting conspicuous patterns 
from those presenting inconspicuous ones, is beyond the scope of 
this pipor. In the case of the insects examined, in some (‘sses 
the dorsal surfaces of the wings have a liigh index, whereas the 
ventral aspects of the low^er wings have all low indices, w ith tlm 
exception of the Queen of »Spain Fritillary (A, lathonia). In 
this insect the high figure is probably due to the reflection of the 
candle-light froni tl^e “ mirror ” spots on the wing. It has been 
noted that the larger the pattern, the more effective the outline 
blending; on the other hand, the greater the blending distance of 
the pattern, probably the more conspicuous the animal; other 
things being equal, it follows, therefore, that a pattern may be so 
adjusted that the danger of it, short of blending, is cfountor- 
balanced by its concealing powers after blending. Finally, 
attention must be directed to one other aspect of these experi¬ 
ments. Deductions have been drawn from experiments carried 
out with the human eye: thus it is entirely a matter of opinion 
whether they would apply in the case of the eyes of animals, 
Tt is known that many animals are short-sighted compared with 
man, for instance, those of short stature and which for this 
reason have a near horizon: it may he that the lion at night 
cannot see the zebra’s stripes until within close range. On the 
other hand, there is some evidence that in the case of certain 
birds, such as falcons, x-ision is more piercing than in man. 

However, these deductions from experiments with the hutnati 
eye are illustrated in the markings of anims^ls' coats. 
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Conclimom, 

(1) Obliterative MhadiBg in animalH is soiaetimos ejected by 
means of jjatteni-blending. 

(2) The outlines of animals are frecjiiently masked by the 
blending of f>atterns at or near their margins. 

(3) Patterns having these eftects are usually unlike the 
aniiiiars surroundings and tlierefore cannot be of use in conceal¬ 
ment by means of ininiicry (using mimicry in tlie bioudest sense 
of the word). 
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50. On somr Land-IMuinirlans collected in We&tcrn Australia 
and Tasmania l>y MciiiIkts of the l^ritisli Association 
for the Ad^ancelnent of Science. By Authi r Dkndy, 
F.Jt.S., F.Z.S., Prof(“'^or of Zoology in the 
University of Uondoii (Kind’s College). 
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Dining tile visit of the Jiritisli Association to Australia in 
exceptional fiK'ilities were alfurdial to those ineinhers 
who visited Western Aiistialia and Tasmania for the collection 
of zoological niatiaial tor future in\instigation. In \\'esteiii 
Austialia vaiious zoological expeilitioiis wen* most successlully 
organized hy Piofessor W, J, Dakin, and in 'FaMiiania similar 
excursions were ailniiial>I\ airanged and carried out liy I’ro- 
lessor Flynn, Some of thesi* ex|K‘ditimis were devoted to 
the collection of marim* animals, while on otlK*rs the memheis 
who took part in them ha<l ample o]>p(» 1 unities for the inves¬ 
tigation of the terrestrial invertcdirates. 

During luy residence in Austialia, munv years ago, J had 
alread} jiaid pailicnlar attention to a section of the terrestrial 
fauna whicli J [ISiir)termetl ** I’ryptozoic/’comprising those 
small animals, for the most part inveitehjates, which hahitually 
hide away heneath logs and stones, or under the hark of trees. 
This faiinistic assemblage inclmles many lizards, frogs and toails, 
centipeiles and millipedes, scorpions, spiders, I’eiipatus, insecUs 
of many kinds especially cockroaches- man} sings and snails, 
a large nuinher of laiid-plaimrians, and, more raivly, laiid- 
iieinertines. 

Of the Land-Planarians, the species of which are more or 
less readily distinguished by their beautiful eolour-niarkings, 
i have on previous oocasions ilesi*rihed many different kinds 
from Australia, 'riiSiminia and New Zealand, wdiile many 
others have been descTihed by Messrs. Fletcher and Hamilton, 
Professor Baldwin Spencer and Mr. 'J'homas Steel. Jt was 
naturally, therefore, a great pleasure to have the opportunity 
of returning once more to my old pni’snits and eolleeting again 
Kjieeies that were long ago more or less familiar to me. In 
addition to these, however, several hithei-to umlesciibed forms 
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'luet with, so that altogether we o>)taine(l three species in 
Western Australia and six in Tasmania. 

From Western Austmlia only four species have hitherto been 
deKmhe<1, all by Mr, Steel [1901J, and all three obtained by us 
appear to be new. 

From Tasmania, Steel [1901 fus] gives a list of twelve species, 
six of which were originally described by myself. Of these twelve, 
the Britisi\ Association jwrty obtained three, together with one 
previously known only from Austmlia and two new ones. 

By far the commonest sjHJcies in Tasmania seems to he 
Geoplana tasmaiiiaua^ originally collecioil on the historic voyage 
of the ‘Beagle’ and described by Charles Darwin. 

It is curious that so few Aiistmlian zoologists have con- 
oerned themselves with the study of the Laud-Pianarians. 
This is the more to be regretted inasmuch as the opjiortiuiities 
for collecting t.hes<» aniinais are ra])hlly passing away with the 
clearing of the bush. Moreover, much remains to be done in 
the investigation of these and other Cryptozoic animals. The 
Laiid-Plaiiarians, in particular, still demand thorough compara¬ 
tive anatomical investigation with a view to revising the generic 
classi£lc«ition. Thus von Graft* [1899 ‘ has proposed the genus 
Artiopfisthia, based on material supplied by myself, to include 
cei’tain forms with a remarkably complex copulatory apparatus, 
but until many more sjx'cies liave been anatomically investigatecl 
it is difticult to estimate the value of this suggestion ami impos¬ 
sible to sjiy in many cases to which genus a given specit'S sbo\ild 
be I'eferred. For this reason I retain the generic name Geoplana 
in its older and wider sense. 

I desire to express my great indebtedness, not only to our 
generous Australian and Tasmanian hosts, but also to tlioso 
inmiibors of the Brjitisb Association who were good enough to 
hand ovei* to me the Land-Plnnarians which they collected. 


A. Species collected in Western Australia, 

Geoplana dakini sp. n. 

When crawling, very long and narrow, aa much as three 
or four inebes in length; strongly convex dorsally, flattened 
ventral ly ; without longitudinal ridges. A well-grown specimen 
in spirit measures about 74 mm. in length by 3 mm. in width in 
the middle, and is approximately oval in tmnsverse section. 
The eyes are arranged as usual. The peripharyngeal aperture 
is situated aliout the middle of the body; the pharynx when 
protruded in spirit is subcylindrical. 1 have b^n unable to 
make out the genital aperture. 

In life the dorsal surface is pale yellow, mottled and striped 
with olive^brown; the ventral surface is white, without pattern, 
and the anterior tip is pink. 

The colour-markings on the dorsal surface are typicfilly 
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armngeil as follows:—Tliere is a narrow median stripe of brown 
ami on each side of it a band of elear yellow ground-colonr of 
about twice the width. This is followed*^ by a band of brown, 
less sharply de6ned than the median stri|'e and of about twice 
the width. We may call this the inner jiaired stripe; it is 
followed by a somewhat wider baml of gronnd-coloui* mottled 
with minute brown specks,and then conies an outer paired strijie 
similar to the. inner om*. Jn life there is a fairly wide band of 
clear groiind-tiolour visible on the dorsal surface outside eacli 
outer paired strifie, but in spirit this tends to be tui-ned in by 
contraction, so that tlie oiiti^r |>aireil strijie comes to lie at the 
margin of the dorsal surface*. The degree of distinctness of 
tlio paired stripes vari<*s eonsnlerably, and they sometimes tend 
to merge into the mottling that lies between them. 

There are thus five nairow longitudinal dark stripes on the 
rlorsal snrfac^e, and in this resj[)ec*t the species resembles the 
common (». qnui^vnlineAtta of Ea,sterii Australia, to which it is 
probably closely relat(*d. It diilers from that sjiecies, however, 
in that the dai*k strijies are not jilaced at ecpial distances apart, 
and in this respect it agrees vitb 6'. inediolhmtta Jfemly, 
Aar. fiimtdaris Steel [19011, from South and Western Australia. 
It differs from both tliese species. bowc\'(*r, in the presence of 
the mottling between the inner and outer lattTnl strijies. 

This species was common in the neigbbourhoo<l of the 
Mnndaring eir, near JVrtb, W.A., up\\a]*ds of a dozen 
sp(*ciinens having be<»n <‘ollei*ti‘d by our party. 1 have much 
pleasure in naming it after my friend lVof(»ssor AV, J. Dakin, 
D.Sc., who did so much to bring about the striking success of 
our zoological expeditions in Western Australia^ 

(iEOPLANA FLAVILINEATA Sp. 11. 

When cniwling, the dorsal surface is convex, the vo.ntnd flat; 
there are no longitudinal ridges. In spirit the ventro lateral 
margins are rather prominent and the ventral surface may he 
concave. IMie larger of the two specimens in s}>irit measures 
40 mm. in length by 5*5 mm. in width in the middle. The eyes 
are numerous, hut it is difficult to make out their arrangement 
in spirit specimens. The peripharyngeal aperture is situated 
somewhat in front of the middle of the ventral surface, the 
genital a little nearer to the peripharyngeal than to the posterior 
exti’emity of tlie body. 

Ill life the dorsal surface is dark olive-grey, or purplish, with 
five very narrow longitudinal stripes of pale yellowy not at all 
ronspicuoiis. The ventral surface is yellowish white, without 
inarkings ; and the horaashoe-shaped anterior tip is pink. 

The colour-markings on the dorsal surface are seen, under a 
lens, to be arranged a.s follows in the most strongly’ max-ked 
specimen ;—The veiy narrow median yelloAv stripe is edged on 
either side by a very naiTOw dark gi'ey band ; this is followed by 
a very narrow yelloAv stripe? (the inner paired stripe), narrower 
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and less distinct than the median stripe. Then comes a much 
broader band of finely mottled gi*ey, bounded on the outside by 
another very narrow yellow stripe (the outer paired stripe).. The 
outer pfiired stripe is much more distinct than the inner one and 
is accentuated by the presence of a very narrow, almost black 
edging to the broad band of dark grey, finely mottled ground¬ 
colour which lies outside it and extends to the ventro-lateral 
margin of the body. 

The characteristic feature of the pattern seems to be the 
presence of five very narrow, pale yellow stripes on a dark 
background of finely mottled grey, the interval between the 
median stripe and the inner paired strijje being consideiubly 
less than that between the two paire«l sttipes. In the specimen 
described above the inner paired stripe is almost obsolete, while 
the outer one is (piite clearly defincal; in the other specimen botli 
paired stripes are equally strongly developed, but Tieithor of thcuu 
is nearly so distinct as the median stnpe, and the outer one has 
only a feebly developed <lark edging on tlie oiitj^ide. 

This species seems to be closely related to Bteels Geoj^f^na 
'ftisco-dm'HaliH [1901], also found near Perth. 

1 have only tw’o s^^iecimens, both of which were obtained iu 
the neighbourhood of the Mundai-ing Weir. 

GeoPLANA COMITATIS sp, 11 . 

Body in life comparatively short and broa<l. I'lorsal surface in 
life pale dusky yellow, with olive-brown stri{)e ami mottling; 
ventral surface white or grey, without markings; anterior tip 
pink. 

The armngement of the pattern on the dorsal surface is as 
follows;—There is a narrow median dark strii)e. The interval 
between this and tke margin of the body is dividoil into three 
hands of about equal width, viz., an inner baml of clear gionnd- 
colour, an outer band of clear ground-colour, and an ill-defined 
intermediate zone in which the ground-colour is thickly sprinkle<l 
with minute dark specks. 

The eyes are arranged as usual. The perqdiaryngeal aperture 
is situate about the middle of the body and the genital aperture 
somewhat neaiw to it than to the posterior end. There is, 
liowever, a good deal of variation in this respect, depending upon 
the state of contraction. 

The body in spirit is mther* short and thick, averaging about 
25 mm. in length by 4 mm. in width in the middle; it is apprexi- 
‘mately oval in transverse section, with no trace of marginal 
l idges. * 

This species bears a strong resemblance to Qaofdmia taamm^iana 
Darwin, but may be distinguished by the following features. 
Although there is one pair of ilbdefined, broad dorsal bands of 
brown mottling, very much as in G. tasmanmna^ tljere never 
appears to he a marginal <or submarginal) mottling or stripe. 
The general colour of the doi'sal surface in spirit specimens is 
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Winch ydlower than in G, tasvianiana. Tlie body (in spirit) 
is thicker, less flattened dorsally, and inncli more rounded at tlie 
margins. Steel [1901/>/«| 1ms described a supposed variety of 
Geo'plana tusniamaiia wliich he calls Jhirieincta, which seems to 
come a good <leal nearer to G, comitatis than tlie typical form. 
It seems to me hardly likely, however, that the West Australian 
species is really identical wdth the Tasmanian “ variety.” 

1 have eleven sf)(‘(*iint‘ns of this species, all cirllected in the 
neighbourhood of Mnndaring Weir. 'J'he sj»ecitic name cuutitatis 
is given in allusion to the British Association. 

Bi Spocien coIlfctP'f in Tusnittnia, 

<IeoplAxA tasmaniana (Darwin)*. 

Platiarifi tuHinaniUHa Darwin f lH44'i. 

Genphuia taHhifdiiaua Kletidier tfe Hamilton [I887j. 

Genplnna tamtHtniuita Demly ( 1893j. 

Gt^oplana haljonri V(»n (lratt'[ 1899 ]. 

(it‘Oplana tfiawnniana Steel [ 1901 /ns j. 

'rhis (iertainly seems to be by far the C[>inmonest of the 
Tasmanian Ijand-Blanarians,and it has been obtained from manv^ 
widely separated loctilities. Jn Seprember 1914 Di*. Nii-hoifs 
C(»llected a number of sji<*cimens on Maria Island, ami it \Nas also 
mucli the commonest species in the neighbourliood of the (Ireat 
Lake, \vhi(*h soriu* of its subse<juently visited. 

The following notes were imnle on living specimens from 
Maria Island j Eyes as usual. When erawling long ami 

naiTovv, hut <lors;d surface soiiiewliat flattenetl as well as 
“ venti'al. Dorsal surface very pale yellow with very narrtjvv 
‘‘ nu^liaii stripe of dark grey <»r brown ami two wider stripi s of 
“tlie same ta)lonr but less intense. <Iroimd-colonr between 
“ median ami wide stripes minutely ileckeil with lirown, alst> 
‘‘fine marginal mottling of brown separattMl fiom wide <lorsal 
strijie by band of clear yellowish gronmbcolour. Colour of 
“ stripes varies from olive-bif)vvn to re<hlish.” 

The marjuinal hand of mottling may develop into a more or 
less distinct stripe and in spirit it becomes sniiinarginal, visible 
from the ventral but not from the dorsal siiiface, so that there 
appear to he only three stripes on the dors*d surface (one nanoW 
and two broad) and a narrow yellow margin. 

Specimiais vvhen cniwling measure about 45 by .*{ mm. The 
largest specimens in spirit measure I unit 34 by 3*5 mm. 

The shajKJ of tlie body in transverse section, in spirit-specimens, 
is somewhat flattened both above and below' and with slightly 
proiiouiKied marginal ridges. 

A colour variety, roiiresented by two specimens from the neigh- 
Imurhood of the (ireat Ijake, is chametiTized by the inten.silication 

• [Th« iMinsatheses around the namcH of antiiora plaml after sci«*ntific iihiiu"« in 
tins* paper are uawi in acconiance wdth Article 23 of the Inteniutional Hulefi 
Nuinenclatinv (Prt»c. 7tU Int. Cong. Kostoii, 1907, p. 44 (1912)).—Kuitok. 
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of the dorsal stripes, the darkening of the ground-colour between 
the medinii and paired stripes, and the disappeamnce of the 
marginal mottling. The following notes were made on these 
specimens during life:—“Dorsal surface dark brown, nearly 
** black, with narrow median black line and a broader supra- 
“marginal black band, sepamted from the median 8tri{)e [line] 
“ by an intervening zone of dark brown. All these dark jwrts 
“ apfiear at first sight as one very broad dark brown Wmi, with a 
“ narrow white margin on either side.” Tn spirit the margins 
of the body are very pile brown, not wliite like the ventral 
surface. 

In another sligVit variety the intensificjition of the finely 
mottled ground-colour of the doiml surface to form a paii* of 
bit>ad dorsal stripes does not occur. 

Mr. Steel [’19U1 his'] has already |>ointed out that Professor 
von Graff [1899] was probably mistaken iti refusing to acc^ept 
my identification of this species with Darwin^s Plannria tm- 
mxinimia and in proposing for it the new name GeojAana 
hfdftuiri. 

Geoplaxa quinqublikeata Fletcher & Hamilton. 

Geoplana qmuquelineata Fletcher & Hamilton [1887]. 

Geoplana quiwjiiellnmia Dendy [1890, 1891, 1895, 1896]. 

Geopluiia quinqmlinmia von Orafi‘[1899]. 

(jfeo 2 )lana qniuqadimata Steel [1901]. 

More than a dozen specimens were obtained from the neigh¬ 
bourhood of the Great Jj^ike wliich seem to belong to this 
common and widely ilistributetl Australian species. 1 at first 
considered them as representing a variety of Geoplana tasman- 
iana, in which the br^ad, inner, paired stnpe on each side was 
broken up into tw’o and the outer (margiTial or suhmarginal) 
stripe obsolete, giving, together with the median line, five narrow 
longitudinal stripes, all on the true dorsal sui-fac.e. The fact, 
however, that the animal (in spiiit) is a good deal narrower, and 
at the same time less flattened, than G, tamnaniana has induced 
mo to abandon this interpretation. 

The specimens do not stnke me as being quite typical examples 
of 6r. quinqueliueata, for the inner piiied stripe is about twice 
the width of either the median stiipe or the outer paired stripe, 
but it is well known that G, qmivpielivmta is subject to a good 
deal of valuation as regards tlie width of the stripes. 

. My notes on the living worm are very brief, as follows:— 
“ Dorsal surface yellowish, with dark gvey or brown stripes. 
“ Ventral surface pale grey, without markings. Anterior tip 
“ brown. Microscopic bluish or whitish specks appear under lens 
“ on dorsal suiface (? always). Eyes as usual.” 

In spirit the gi'ound-colour of the continuous doml and lateral 
surfaces is light'brown, and the lateral surfaces appear on either 
side of the narrow, white, creeping sole as a fairly broad band of 
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this colour. All the dark stripes sro visible from tlie dorsjil 
surface only, the outer paired stripe bein^^ supramarginal. The 
body in section is oval, liut Hoiiiewhat flatteiie^l below. Tim 
largest specimen now measures 35 mm. in length by barely 3 mm. 
in greatest breadth. 

This species has not previously been recorded from Tasmania. 

GeOPLANA NlCllOLLSl sp. 11. 

? Geoplana ditimeufinsis, ))ar.s, Dendy [1R94]. 

? Artioposthia dir-tneufUiftis^ par.s, von (lratl‘[1899J. 

? Geoplana diemeneneia Steel ] 1901 his], 

Tliis species wa.s obtiiined on Maria Island by Dr. C). K. 
Nicholls and again at tlie Great liiike. 'Plie IMaria Island 
specimens may be regarded as the tyjics of the species. The 
Great Ijike specimens ditter but slightly. 

The Maria Islaml specimens, in life, were considerably 
tiattened even when crawling, but slightly convex above. Body 
tapering gratlually in fnml to narrow, horseshoe shaped t ip. 
Bo.sterior end bluntly poiided. Eyes as usual. Dorsal surface 
pale grey, finely mottled with dark brown, and with fine median 
dark brown stripe. Ventral surface pale grey, nearly white, 
without markings. Anterior tip light brown on both surfaces^ 
or pinkish, A specimen, when crawling, measured 50 iinn. in 
lengtli by 4*5 mm. in greatest Im^adtb (not far from the posteiior 
emi). Wlieu put iu spirit the lateral margins turn in and 
become visible from the ventral surface as two narrow, mottled 
bauds, one on either si<le of the broad crcojiing sole, forming t\N'o 
narrow lateral surfaces sloping <lownwards and inwards from the 
much flattened tiorsal surface, whieh tliey join at an acute angle. 
In spirit the jierijiharyiigeal aperture is situated not far from 
the middle of the body and the genital a[>erture rather nearer to 
it than to the pasterior end. 

iu the spirit-specimens the mottlings liave a distinct purple 
tinge and show a slight teinlency to aniinge tlieiiiselves in six 
longitudinal bands on the true dorsal surface, three on each si<le 
of the narrow median dark .stripe, the outer band on each si<le 
being close to the dorsodateral margin. The largest spiiit- 
specimen measures 32 mm. in length by 4 mm. in gimtest 
breadth. 

One of the Maria Island specimens was sjiecially noted during 
life iis being very dark brown dorsally. Narrow median stripe 
and mottlings still visible. In adiUtion also microscopic specks 
of bluish white thickly dusted over tlorsal surface. 

The following hotes were made on living spocimeiiR collected 
in the neighViourhood of the Great Dike :—“ When at rest very 
“ broad and much flatteneil on both surfaces. When ci-awdiiig 
** long and narrow, with horseshoe-shaped anterior tip and pointed 
“ posterior extremity. Eyes as usual. Dorsal surface pale grey 
“ yyith narrow longitudinal strii>e of dark grey-brown down tlie 

middle, and thickly marbled with olive-brown, the markings 
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“ showing a slight tendencjy to longitudinal arrangement. Ventml 
surface pale grey without markings, nearly white. Anterior tip 
** pinkish brown. Colour of dorstil markings i^dish brown, 
“almost chestnut, in some specimens.” In these specimens the 
tendency of the markings on the domil surface to aimnge them* 
selves in three longitudinal liands on each side of the narrow, 
mid-dorsal, dark stripe, is more marked than in the Maria 
Island specimens. These s];)ecimens also do not attain so large a 
size as tliose from Maria Island, measuring in spirit about 25 by 
4 min. 

This species is evidently closely related to the Australian 
G, ipuxdrangulcUa^ esjyecinlly to the mottled Mount Wellingtoip 
(Victoria) variety’’ of that species. It is, how'fever, a very pinch 
more itibust form *, being intermediate in this respect lietween 
G, qiiad/rangulata and the Tasmanian diemenenais. 

The relationship between these three species recpiires careful 
investigation. 6’. diemenenaU, it may be remembered, is charac¬ 
terized by the pi'esence of remarkable comb-like copulatoiy 
organs, and is accordingly included by von firalf fl899j in IHs 
genus Artiopostbin. Such organs have not been observed in 
G. quadrangulata or in 6r. nichoUsif^ but we must not overlook the 
possibility that all the specimens of these species hitherto found 
liave been immature and that the peculiar copuhitory organs may 
be developed only in full-grown individuals. The specimens df 
G, diememnsia in wdiich I observed these organs weie c‘ollected in 
February J and March, while those of G, nichollai desci'ibed above 
were collected in September. The size of the sjiecimens may also 
depend largely on the time of year* Unfortunately, we do not 
yet know nearly enough about the life-history of land-planarians 
to enable us to settle these [Kiints. 

Steel baa already expressed a doubt as to whether all tlie 
specimens originally ^referred by me to 6\ dienie'Hmtaia,' and 
accepted as such by von Uraff, imlly belong to the same species. 
He himself gives a figure of a specimen of “ f/. dieittanenaia^^' one 
of a small series of examples from Trevallyn Hills and TaV»le 
Cape, but 1 am doubtful whether it really lielongs to that species - 
or yet to O. nichoHai^ which it seems to resemble fairly closely in 
pattern—because the transverse section appears to be of quite 
ilifferent shape, not at all quadrangular*, I\)s>ibly, however, the 
outline given represents the transvei'se section in life, which is 
very different from what it is in spirit-specimens. 

In the type-specimens of G, diemenen-ata from Mount Wellington 
(Tasmania) there was no narrow median longitudinal stripe on the 
dorsal surface, and I am inclined to think that the presence of 
such a stripe in Cr. nichollai may serve as a valid specific distinction. 

* I have, however [Id95], described a robost variety of O, gmdramnilata from 
the Blue Muttntaius, N.$. W. 
t See, however, footnote below. 

X This was one of the Parattah specimens, and as it shows a narrow, mid^orsil, 
dark stripe, I strongly susiiect that it may he a sptsHnieti of G, nichoHai. 
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(m\ nichoUsi may apin-oai^li ]n-etiy (;h>sely to tlie (roiiiui')ii 
tasmaiudiia iu M-ppiMiraiitio, but may bo distiii^uislmil 

by the sharper clorso-latciul mar^n'ns, the sides of the body being 
1 ‘ourided off’(in spii-it) in (r. tnamaaiana. 

Geoplana mortovi Dend}'. 

Oeoplfina mortoni JJeiidy [JK94]. 
deoplaua mortoni von (TraH* [1899|. 

Ueoplana morloni Steel [1901 

We obtaiiuMl a dozen good sptMuimuis of this beautiful and 
well-chjiiact<uized s[«^cies in Se[itemlK‘r 1911, in 1 he neighboiir- 
hood of the Great liuke. It lunl been previously obtained by 
the late Mr. Alexander Morton from an unknown loeality in 
Tasmania, and by Professor Haldwin Speneer from f'arattab, and 
my own aeijuaiiitanee with it was limited to spii-it-speeimens. 

'J’lui following observations welts made on a living specimen - 
‘‘ At rest vei*y broad and nmeh flattened, no median dor.sal j-idge. 
“ Dorsal surface dull ycdlow, closely aiul finely mottled with chest 
“nut-brown. Ho»*s(*.sho(*'sha[u*d anteiior tip brown. K\e.'^ as 
“usual. Ventral surface \vhif(‘, much less closely m<»ttle<l with 
“small brown sjavks. with very narnjvv mai’ginal band free fiom 
“ mottling. When craw ling, ilorsal siirface very strongl\ aichetl." 

A good-sized specimen when crawling nu'asiired about, ot) mm. in 
liuigth by 4*0 mm. in greatest breadth, and one of my speeimen.s 
measures as much after preservation in s]>iiit. 

The shapt^ of tlm body in spirit-specimens is chaiacterist !<•: 
convex above and coiH*aNe below*, especially in the anteiior 
portion; broader behind than in front; wiih prominent, nairow 
margins at the junction of dorsal ami ventral surfaces. 

(Jkoplana TvrnLops Dendy. 

(rf^opltmn alha Dendy [1892;, 
iJoitpfitna (pphUtps Dendy | 1894|. 
deoplaiui ti/phlopa \tui Graff’(1899 j. 

This curious eyeless s[»ecies ap[»oarsto bo one of ( he conmionesT 
of the "I'.'ismanian ia.nd-pl!niarians. It has pn‘\ iously Ix'en re 
corded from AFount Wellington, llohart and Parattah, and in 
September 1914 we obtained it near the Great Lake and on Maria 
Island (one small specimen). Some of the specimeiiM in s[»irit 
devtdop a distinct narrow median ventral hand, <lue to darkening 
of the rest of the ventral surface. 1 have already noticed tins 
feature in my previous descriptions. 

(tEOPLANA FlANNl Sl». 11. 

I proposi? this species for four speidmens collected by Dr. 
Nicholls on Maria Lslamh and have mucli [deasure in naming it 
after Professor Flynn of Hobart, who s») successfully oi'g.anized 
the zoological excursions for members of the Ihitish Association 
in Tasmania. 

Pkoc. Zool. Soc. 191 r>, No. X LV 111, 
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Tbo worm wlmn crawling is long and narrow, convex above 
and fla.i below. The ground-colour of tlio dorsal surface in life 
nuiges from grey to yellowy but even in the grey specimens it 
bec.onies fairly briglit yellow in spirit. Minute brown specks 
arc sparsely scattered over the dorsivl surface and tern! to arrange 
themselves in a very narrow median strij^e. The horseshoe- 
shaped anterior tip is brown or brownisli pink, rind the ventral 
surface nearly white, without markings. The eyes are arranged 
as usual. ]n spirit the body is narrow, more or less Jlatteued, 
especially veutiull}*, ami with fairly well pronounced lateral 
margiijs. 

In (>11(3 specimen (in spirit) the peri})harviigenl aj^erture is 
.ated well in front of the mi«ldle of the body, and the genital 
.aperture rathei* near(3r to it tlian to the posterior end. This is 
the only one in wdiicU both apertures are visible, but in anotlu-r 
the peripharyngeal aperture seems to be about central ; but (d’ 
course the position of tlie iipertures is influenced by the ielati\t‘ 
state of contraction of the two ends of the ho<ly. 

One of the four specimens is much larger than the other thr(‘e, 
measuring in spirit about o2 mm. in length by a shade o\e}* 
3 mm. in greatest breadth. The smaller ones in spirit memsurt* 
about 19 mm. in length by 2*5 mm. in brca<1th. Jn life one of 
them measured about 32 by 2 mm. 

I think that the s|iecimen wdiich J described [1^92] under the 
name Geoplana sp., from near Hobart, prolmbly belongs to this 
sf)ecies. Von draff referred tins s[)ecinien to the 

Victorian 0\ quadrangulaUt var. but there was very 

little justification for so doing,, or, I fear, for my own e(»mp.u'ison 
of it wu’th G, qaadravyalain iunt/y. rentropanctrifa. 


List of LiipraUtre referred to, 
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Planarire, *kc. (Ann. <k M.ng. Nat. Hist. vol. xiv.) 
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Royal Soc. Victoria for 1890.) 

1891. Jhid, ‘ Additional Observations on the Victorian J^imb 

Planarians. (Titlus. Roy. Bck!. Victoria for 1891.) 

1892. IbuL — Notes on some lAind-Planarians from Tasmania and 

South Australia. (Proc. Aust. Assoc. Adv. 8ci. Hobart, 
1892.) 

1894. Jbid, —Notes on some new or little-known Land-Plan aria ns 
from Tasmania and South Austmlia. (Proc. Royril Soc. 
Victoria for 1893.) 

1893. IbUL —Notes on some Land-Planarians collected by Thomas 

Steel, Esq., in the Blue Mouuttiins, N.S.W. 

(Proc. Linn, Soc. N.S.W., Nov. 1894.) 
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1899. (iitAFF, Jj. vox. Mono^rapliie der'rurbellMi ieii. TI. Tricla- 
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1897. StKEI., T.— Aiislraiian Land-Pljiiiarians, ite. (Proe. Linn. 

Soe. N.S.W., April 1897.) 

190], Ihld .—Australian Land-Planarians, ilu*. (Proc. Linn. Soe. 
N.S.W.. Sept. 1900.) 

1901 fhkL —Tasmanian Land-Planarians, ttc. (Pi'oc. Jiinn. 
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EXHIBITIONS AND NOTICES. 
October 26,1915. 


Prof. K. W. ]V1 Af;HiiiDE, IXSc., F. Il.S.. Yico-Prosirleiit, 
ill tlie Chair. 

The Skcretahy read t.lio following rejiori on tlie A«hlitif)ns 
made to the Society’s Menagerie during the niontlis of June, 
July, August, and Septendnu*, 1015 : - 

June. 

The regLstered additions to the Society’s Menagerie during the 
month^of June were 249 in number. Of these 01 were ac(juire<l 
by presentation, 87 by purchase, 30 were rc*ceived on deposit, 9 in 
exchange, and 50 vvei*e iKirn in the Chirdens. 

The nuinlicr of departures during the same period, by death 
and removals, was 101. 

Amongst the additions s[iecia1 attention may lx* directed 
to :— 

1 Pallas’s (;jat vta}tvl) <5, from Tibet, and 2 Burrhol 

Slieej) na/tnra) 2 ?. from the Himalayas, dejiOKitetl on 

June 19th, 

I Hyhrhl (Muipman’s and Mountain Zchiti chapmanni 

X A’, zebra) c< , born iii the Menagerie on June 17tb. 

I Wdiite-browod \V<»od-Swalloxv (J rtamuH «u/x rc/7/e.w^),batched 
ill the Menagerie on June 17tb. 

1 Lesser Double-collared Sunbird {Pinnyrm chalyhe^ns) from 
South Africa, presented by Alfred Ezra, F.Z.S.. on June 12tb. 

2 White Storks {^(Hconia ciconia\ hatclu*d in the Menagerie on 
June 8th. 

A collection of Pheasants, including 3 Vieillots Firobacks 
{Lophura rn/a), 4 Himalayan Monauls {^Lophophorns impet/antis), 
and others, pnrchasetl on June 5t.h. 

2 Ocellated Turkeys( from Ih-itish Honduras, 

depositofl on June 21st. 


JlTLY- 

'Phe registcu’od additions to the Society's Menagerie during the 
month of July were 382 in nimiber. Of these 2(>0 were actpiireil 
by presentation, 34 xvere received on ileposit,, 45 in exchange, and 
43 were born in the Gardens. 

’Fhe number of departures during the same period, hy death 
and removals, was 241. 
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Amongst the additions special attention may be dii*octo<l 
to 

2 cubs {Fells concolor) and 1 Eyra Cat (Felis syrd)^ from 

Cordova, Argentina, presentetl by Wilfred A. Sinithers, C.M.Z.H., 
on July 28th. 

2 Californian Sea-Lions {Oiaria calif or niana), from California, 
i*ecei\ed in exchange on July 19th. 

1 Eland {Taurotragus oryx), born in the Gardens on July 15th. 
A large collection of Birds, mostly Euro 2 >ean, presente<l by 

Major Frank Johnson, F.Z.S., on July 19th. 

A <3ollection of North American Bij-tls, received in exchange 
from the Zoological Society of New York on July 19th. 

* 2 Buff-breasted I’arti idges 9 West-Afj ican 

Quail-Finclies {Ortygospha atricoUis), and other birds from 
(ifunhia, presente<l by J)r. E. Jlo]>kinson, D.S.O., K.Z.S., on 

July 21st. 

2 Chinese Starlings {Stnrnia sinc^tsis), new to tlie CVdlection, 
received in exchange on July 28th. 

If) Common liheas {Rhea amerimna), hatched in the Menagei‘ie 
on July 18th. 

1 Blackish Tortoise {Testiido nigriia), from Indefatigable 
Island, ami I Banr’s Tortoise {T. galapagoensift), ne\v to tlu‘ 
Collection, from Charles Island, deposited on July 29th. 

1 Royal Python {Python regins). from West Africa, |.resente(l 
by Robert R. Jones on July 19th. 


Aroi’sr. 

The registered atlj^litions to the SocietyV JMcnagerie during the 
month of August 129 in number. Of these 89 wcje accjuii etl 
by presentation, 21 were received on de]>osit, 1 in exchange, 1 by 
pnrehase, and 17 were born in the Gardens. 

The number of departures during the same ptTiod, by death 
and removals, was 115. 

Amongst the additions special attention may be directed 
to :— 

2 Orang-Utans {Sirnia satyras), fi’oiu Bjitisb North Borneo, 
deposited on August 7th. 

1 Rosy Minivet {Peria^ocotus rosevs), 1 Rufous-backed Shrike 
{Enneoctonus erythronotus), 1 Rufous-bellied Babbler {Ihimetia 
hyperythra\ 1 Green lcu*a {^Egiihma riridissirna), from India, 
all new to the Collection, presentetl by E. W. Harper, F.Z.S., on 
August 4th. 

A collection of Mammals, Birds, and Re 2 )tiles, including a 
Korin Ga/.elle {Gazella a 0ro\\ ned Duiker (AyWca/;m 

coronata), a Waterhouses Genet {Genetta poensis), 2 White¬ 
necked Crows {Corrus scnpulatm), a L<;iig-nose<i Crocodile 
{Crocodiltis cataphractns), and a Moehius’g Snake {KUipechis 
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woebii), tJie last-iianuMl now to tin* from tlm 

Northi^rn "IV-rfitora^s of i.lie (Johl Ooas*^, jH'esoiitcMl l)y Cvapt. (5. 
Jl, Ai’iaiUa^e, O.iVl.ti.. J).S.O., K.Z.S , on JHMi. 

Si:i*ti:miier. 

re^nstojvd aflOilioiis t.o the Society’s Mena^erio dniMii" the 
mor»th of Sej)tonil>er were 115 in lunnher. Of tlieso (55 wcM-e 
ae.<jHired hy presentation, 52 were reeeivtMl on depo.sit, 7 in 
extdiaiige, S hy purchase, ami 5 were horn in tlie (hardens. 

nuinher of departures during the same ]K‘rio<l, hy deatli 
and removals, was 125. 

Amongst the additions special attention may he directed 
to: - 

1 Ocelot (/V//.S pardaViH)^ 1 Kinkajoii (/Ve.s* ctindirolcahts), 
1 Fi'nscrV Sipiirrel {SchtniR 1 Sj>iny Trce-Porcuplm* 

{Voeiiihh 1 1 lai*ris's Ow I {filsvIJa harriai)^ J Salmon’.s 

’Piger Ihttern {Tujriaouta salotont}, and 4 IN‘rii\ian (iionnd 
l)ov<« {('hahi(t'pt‘lia rruziaiiu)^ from Ecnador, j)r(‘S<*nted hy E. 5. 
Hroolv, F.Z.S,, on S(‘|>tember 25tli and 2lM.h. ’j'he three species 
of Idrds ar(‘ new to the (’ollection. 

10 Wilson’s Ihrdsof Paradise (,sV‘///c//^7e/ from Waigioii, 

new to the Collection, deposited, and 2 of the same presented, hy 
A, K. Pratt on Septem))er 1st and Htli. 

1 Plack Manneode (Matntcodiu aim), and 7 Retl Ihrds of 
Paradise (ParadtHea rnhnt)^ d«'positf‘d on Septemher 15th. 

2 Tied l}irds of Paradise (Pnradis^a orA/'n). and 4 Pnhms- 
<Towned (1 round-1 )ov(»s {Phhnjtvuftfi *’f[li<jfda), tlie latt»*r new to 
the (Collection, from Waigiou, puirhased on September Ihth. 

2 (Jhesinut-hack«*d Finches (/S/*c>’/nc,s/c,s’ nUfrinps)^ new to (lie 
<'ollection, r<*cei\ed in exchange «>ii Sej)teml:e]- Stli, 


l\1r. 11. 1. PoocK K, F.ll.S.. F.Z.S., (’urjitor of Mammals, ex¬ 
hibited a series of burrows of tra])dooi‘ spideis from South x\fiica, 
belonging to types never pre\ioiisly brought to Fnglaml. They 
vere eollected at Alicedale, near (ir»haiiist<.\Mi, hy Messis. F. 
Thurston and F, Criiden, and ^^<*le given to Mi*. F\>cock In the 
former gentleman, wdioat the same time presented to the Society 
living examples of Staslrnopifs and (tortfffndhf. 


Mr. 1). Seth-Smitii, F.Z.S.,(Curator of Hirds, exhibited a living 
hybrid Swinhoes and Silver l*heasant (OmvtrKS nycthf^vn^nfa 
X G. sirinhon\ which had been presente<l to the Sticiety by 
Mr. H. J, Elwes, F.ll.S, It was a male, nn<l a very handsome 
bird, hut, altlunigh somewhat resembling Swiuhoe’s Pheasant as 
I'ftgards the head and neck, the biek, rump, and tail were of a 
chestnut-brown colour, <liflering fnnn the males of both parent 
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]S1r. Klwes liiid also jnvKontcMl lo tiu* Sori(4y n yoiiiipf 
bird which ho lind hrod from the alw>ve-menii()iied hybtitl, paired 
lo a puie hen Swinlioe Plieawiiit, but tliib bird was not yot in 
adult plumage. 

Mr. Sutii-Smith also exhibited a male Mandarin Duck 
f;ahnculf(t(t) hroi\ in ihe Sm'iety’s Dardens during the curi«‘nt 
}eav, in which an evtia digit liad grown from the inner side 
/)f the right tibiatai'sal joint (U^xt-tig. 1). lie reinuiked that 

Text-figure 1. 



]{i};ht log of mule Mumlurtn Duel, witli ^upenminernry digit. 

similar cases liad been recordetl by Hateson (* Materials for 
the Study of Variation/ page .*194), but be believed that such 
al>uornialiti(‘s \ver<' lare, es][iecially in birds other than tiiose 
long domesticated. 
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November 9, 1915. 

])r. S. F. Haiimeii, M.A., F.R.S., Vice-President, 
ill tlie Oliaiv. 

The Seciietary rend the following re|>ort on the Additions lo 
the Society’s Menagerie during the month of October 1915:- 

The Tiiniiher of registered additi(»ns to the Society's MfHiagerie 
during the month of October was Of these 9H were ncii\iii (*d 

by presentation, 24 were receivtnl on df-posit, 15 in exchange, 11 
by purchase, an<l 14 nere born in the Onrdens. 

The nundier of departures during the same period, by death 
and removals, w*a.s 205. 

Amongst the additions s|>eciiil attention may he directed to:— 

1 Hairy ’ri*ee-l’orcupiin‘ {Coeadn frf»m A'enezueln, 

presented by Hugo Pam, (^M.Z.S., (»n October 4tb. 

2 ljarg(‘r-str(*aked S]>i<ler-hunttn*s (Arachnothera mayna). from 
the Himalayas, new to the (y\»lleclion, jmesented hy AIfn*d Ezra, 
F./.S., on October 1st. 

1 Red-fiiceil C!rake [XHOcrex ertfihrojis)^ new to tbo CVdlection. 
presented, with a number of other birds from Veiu‘zuelfv, by 
Hugo I^iin, C.M.Z.S., on October 4th. 

1 Japjiiieso il(d>in (/Crtt/tartm aknhifj(*)^ from Japan, and 
1 Yellow*collaiv<I Ixidus {/xaftts Jlarindfin)^ from the Hima¬ 
layas, both new to the tV»]lectioM, deposited on Oct<»her l.‘U.h. 

1 Oreatev Amethyst Sunbird (C'/tfdcomlfm amethystina), from 
South Africa, new to the tkdlection, {>resented by Alfred Ezra, 
K.Z.8., on October 20tb. 

1 Sauvnge’s Tree'Fr«)g {PhyUomedasa saaxayii)^ from Cordova, 
Argenrina, new to the (Collection, presented In Wilfred A. 
Smitbers, (\M.Z.S,. on (Vtcd»er 20tli. 


Prof. H. Maxwell Lefroy, M.A., F.Z.S., Curator of Insects, 
reatl a report on the House-Fly Investigations carried out dui*ing 
the present year in the Society's (lardens. 

It is hoped that this rejKirt will Ih» published in fidl in the 
* Prm*eedings ’ for 1916, 

Xotes from the Caird ha^evt ffovsa. 

.Mr. (1 J. (1 Pool, Assistant Curator of Insects, read the 
following notes u])on sjiecies recently bred and (*xhihited : - 

OuTHorTERA. 

M A N T I I) .E. 

Sphodromunth g aiiaia . 

The female Manti<l deposits her eggs in a case made of n 
gummy secretion. The eggs are in regular rows inside the case, 
wdiich is attnehod lo a twig or to the l)ark of a tree. There is an 
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opening along the centre of the outer surface, each egg-cell being 
pi’otected by a fiep or door. The young emerge in a cluster and 
on reaching the exterior they remain siis]iendod by threada 
ov tubes for from 3 to 5 days. During this period they are 
incapable of seizing other insects or of feeding iu the ordinary 
way, and yet they obtain sufficient nourishment to increase their 
size very considerably within a week. I have (deserved this de¬ 
velopment upon several occasions, and it is my opinion that we 
must regard the egg*case its a kiml of feeding-bottle capable of 
supplying the young Mantids wdtli licpiid food, absorbed through 
tlie threads or tubes by wdiich they ai’e suspended until the first 
moult. After this important event they are active and are at 
last capable of an independent existence. To test my “feeding- 
bottle^’ tber)ry I have on several oa^asions severed the con¬ 
nection between the young larva, and the egg-case. The njsiilt 
was the same every time, and the creature died without further 
development. 

I have examined several cases from wliich the young lunl 
emerged, ami found that they all contained fluid matter wliich 
might form the iiecessaiy fomi, probably with tlie assistance of 
min or dew. 

The specimen referred to in a previous paj>er (P. Z. S. 11)15, 
p. 289) lived from Oth July, 1914, until 24th Sej)teinber, 1915. 
On 19th August, 1915, it fractured a front leg, a mishap which 
reduced its chances of seizing a meal. IFpon the thinl day 
following the accident, tlie Mantid surjwised mo by devouring 
the offending and still unsevered limb, after wljich it appeared 
to revive its interest in life liy depositing an egg-mass, tlie 
eighth in its lifetime in the Society’s Gardens. It dicsl shortly 
after this event, having complettjd nearly fifteen nioiitbs of 
actiA’e life. ^ 

odromatitis gastrica. 

egg-mass from Pmtoria. produced some young Mantids r)n 
28th May, 1915. llie majority of these died ill the earlier 
stages. One fine female specimen, having devoured a number 
of h(»r own kind and an abundance of other insect-food, ari-ix eil 
at maturity and developed her wings on October 18th, 1915, 
having occupied nearly five months in the process. Tliis speci- 
’men is still alive and healthy, her foo<l consisting principally of 
stick-insects. A few egg-mas«ea produced numerous small 
Pamsitic Hymenoptera (Olialcids) new to science, which wlieii 
described will form the subject of ariotlier paper. 

CoLEOPTERA, 

De RMESTin AS. 

TJiaumcbgloasa himacfidaia Arrow. 

Home Mantid egg-masses received from Pretoria in May 1915 
were found to be inhabited by Coleopterous larva* much resembling 
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the HiHSOiim pest Aulhrenus mitsmrtnn. '^riie infeste*! casos 
were isoIat»*fl nn<l kept niuler observation. Tlie larva* fed upon 
the contents t)f the e^g-inasses, ainl duly pupate*! within their 
own skins. The liec'tles have been ernerdiiL' dnrin*; 8er>teml)er 
and October. 

rh<». genus ThanmwjlofiHa is represented in the National Col¬ 
lection by eight species known to inhabit i‘gg-niasses of Mantids, 
their distribution being China, S. Australia, Nigeria, Jthodesia, 
and the IVFalay l\*ninsnla. The insect now exhibited was ex¬ 
amined by Mr. O. J. An-ow at tlie Ih-itisb a\riiseuiri (Nat. Hist.) 
and has been describe*! ))y him under the above name. 

The tyjie-specimen wdll lie dep*)sited in the National Collection 
and the c*)-ty]>e in tlie gtmeral referenc*? ***)]h‘(*tion n*)W in 
course of formation in tlu* (kiird Insect House. 


Pt J N I J>.E. 

Ptintis Sturm, 

'J'his active lit tle beet le is :i well-known granary post in Pranct* 
an*! Cermany, but was not known tvi inhabit this i'onnt.ry until 
H)Ot), when 1 *!iscov<*red it in a corn-sliop at K*lmoiit*>n. 

'Die female, which is more r*)hnst tlian the male and w’illi 
sliorter aiitenme, lias hir some years been confouiule*! with 
anotluT species, Jloield., in Hritisb works and 

collections. 

1 bar** taken ]»<»ib s*\\es in pi-ofnsion in tlie Societ\\s (lardens, 
an*! it is due to tin* stmly *>t' the sjieciinens c*>llecte*l tln‘ve and at 
Kdm*>nton that J li.ave been able to clear up this ol*l error. 

JUhius ierititi Hoiol*]. 

This bceth* is an*»tlier cosmopolitan granary pest, am! *liiriiig 
tlie last few yeai-LS lias bec*une excee*lingly comnnm tJironglumt 
this country. During last May a so-calleil insect-desti-jiyiT was 
recennmen* 1***1 an*l subinittf**! f*»r test n[»on somt* HI*)w -lly maggots. 
Jt w'as not a success, its int**i'ded \u*tims proving its inetlecliv**- 
ness bvsimjdy pujiating in a *lish *)f the supj>osod *loaiily powder. 
The paper-bag eontaining the reinaimler was jnit asi*!e in a, cup¬ 
board in tin! Fly-room, am! was f<n*gottt*n until aft**r tlie closing 
of the Fly E.\bibit.i*)n in S4*ptembcr, when upon ch'ariiig out an 
accumulation of samples, etc., 1 notice*! miinerous small r*>un<! 
perforations in the !»ag which lia<l become slightly monhly, ami, 
upon peeling baerk the paper near the perforatmns, 1 *lisc*)vere*! 
r, tectuSf larva*, pupae, and iumg*)s, perfectly healthy ami a[»- 
parently enjoying the novelty of breeding in an insect-killing 
powder, wdiich actually appears to he a vegotn hi e-meal ujion 
which a corn-shop pest might be expected to thrive. 

In conclusion, J must confess to a feeling of pleasure in 
recor*ling the Micces.sful rearing of nn African he*‘tle new’ to 
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science in the Caird Insect House, as well as the correction of 
an error which lias caused considerable confusion in connection 
with the species of Pthim. We have been handicapped by 
reduction of staff, our two helpers having joined the colours, 
otherwise we might have accomplished some other useful 
n‘search-work with the aid of valuable living material receive<l 
from various sources. Some day, under happier circumstances, 
we hope to be able to devote more attention to breeding, etc., 
thereby adding to the scientific value as well as to the popular 
interest of the Caird Insect House. 


November 23,1915. 

Dr. A. Smith Woodward, F.Tl.S., Vice-President, 
in the Chair. 

Mr. R. W. Harold Row, B.Sc,, F.Z.S., exhibited photogiuphs 
of an interesting abnoi'iiial Frog(A^ana temporaria), in wdiich both 
posterior limbs lackexl the hallux, though the calcar, or ])rehallnx, 
was present on each side. The chnracteristic structure of the 
iligits still existing clearly proved that the missing toe whs tlic 
hallux, and dissection showed that there wim no trace of it 
internally. All the other four digits wero perfectly noi’rnal. 

A complete description of this abnormality, with illustrations, 
will be published in the next part of the * Proceedings.’ 



IXDKX. 

10.1-).—2110-7J:i. 


[Xi'W luimes in elan'iuloii (vju*. refiMTricei* iti 

<z s I..) iinliOJifrh luidition.s to tlio So(*M*t>’.s Alt*ii»« 4 n*ir j 


Ah/nhcf^ rhuilotfnAi r. \»ir. 

o7o. 

f/umerifi, IJ7I. 

-IiIijitliinH viridiaHiiritt (z. i. ), 70t» 

^lureidopus baconi, I'cn. «*(. .sp u 

structure (IM. 1. tig. I), 4’Jr>. 

Ht'^ylena vucttUftfu^ tUH. 

Kluropus r^(’lJ^^olcllcu^ . structiiiv 

aM. 1. iig. 1), 42:», 

.Ex galericulata: variation (I'lir. I 
7t)H 

AhtPittUa en*(iit. (i22, tilb. 

- h(tt‘rol(‘inih>Uf^ ()2tt. 

- , iS' 2 ' 2 . 

A^f'ijoniHm ai'hoi'CHtu, 

Adoiwm cuhfonmu, 544. 

- in‘((/inu, 544. 

Alinaiidhftf Ul/yi, I]7y. 

Aniphtoyha^ atiyoltuoai*. (iftl. 

Amphisbaena spurreUi> -i* ji. 

(Fig. I), (iiVJ. 

Ata/Miinus (/imiheri, G’Jit, 652. 

- }H}tol<fnia, (»2it, (>52. 

- faniafiis, ti 2 it. 

A^ATuMy. Sec SiKurruiiK. 

Anynni jUafura, »*iH2, 065, G5*». 
Anihropopitliecufi culviih: elhol«):ry. 

535, :)3t5. 

AoLeb felinuB (z. s. l.;, 5»34. 
Ayandtavtm cajuatsin, 034. 

- chmhji^ 034. 

- convdor, 034. 055. 

- yueHthiri, 0 .* 54 . 


A/t(c allat jtu i'^onti, (io.'j. 

- fnnalatns, (kW. 

- najnrtpi^. O.’M. 

-- - patH fatdinciu t}.M4 
H'i / //c/v. 0.3.’» 

.ViuriiNM)\ : 

Sjilticida’ from Dutuli XVw (lumcn 
.s\rttciimtic, ,'i()l ; Icllorull\s^^ls 
-crpeiihum ciliulogy, sVst(‘mjitic. 
.383. 

.VraclmotluM-a imigna (/. s. l. ), 7i»tf. 
Ai'(nna> ffafaufcui^ : structure (Kig .*>' 
413. 

Anfa US'^au(nroHq . .'■iruchirc i Fiif.s 2, 
4. 8;, 3.87. 

Ai'chufalaUti sr ructm c ( 3, I. o, !•), 

387 

ArtauiiK siij>crcilio**urt (z s,. i..), 705. 

Af’f<opot>t/ia( fli( 000. 

At^rf/ditf* 522. 

Ai'pidflapa lahff'iistiinii. t>37. 

Adhi nopfiLs nispi/lii, (»40. 

Atfana vfratophoriis^ 030. 

- aihchct, 030, 

- ^ptamajf'r, 030. 

A/rarl((,'ipis lAtrrtfua, tvllt. 

- hipudoculans, 04U. 

riairiaht, (»40. 

- - enyduhhi, ()58, 

- IdlMmiulif, (i32. 

- (rm/nlaris, (UO. 

- /xiitaiKjte^ f»40. 

- kucomvlae, tJo8. 
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Atractaspis microlcpidoia, 040, 058, 

- philUpsi, (»58. 

- rodraiUy 040. 

AitHi^ (Turvilliit 510. 

- pay/culli, 512. 

Avks : 

Secondary sexual cbaracters, GOO; 
pullorn- blending and conceal- 
ment of ouHine, G70 *, Mu galeri- 
eulata : variation, 708; Aratiius 
giganteuB, KliinocbetuB kagu : 
Htructure, nystematic, 410: Spora- 
flinus ricordi : etbologj*, 508. 

Jiathippna monlroa^kri, var. papuanns, 
522. 

liATIlAVIllA: 

liana tigrina : struct iiro, OOO. 
lletta piiguax (/.. s. l.), 504. 

Ihth arictan^>, (JJIH, 057; etliulogy, 
584. 

- gahimica, ($ 08 . 

- nauvornifif 008. 

ll<»a constrictor; etiiob»gy, 581. 

- duiiierilHf 07J. 

- dussumterit 071. 

- 7uadagaM()(fn('N»tif, 071. 

- rfgta, 044. 

Boethoportia ocellata, gen. et 
sp. n. (Fig, 1), 501, 502. ^ 

Ilolieria mulfUarhiafo, 072, 
tiipudou erlauyeri, 640, 

- fuligiaosifs^ 040. 

- geimtelrims, 077. 

- inferualiSt 020; ethology, 584. 

- le/uniecatuSf 640. 

- linmtus, 620, 640. 

- olivaccus, 620. 

- viryatm^ 620. 

13o 8 bubalus: borne, 538. 

Jivthriceps australis: structure (Fig. 2), 
861. 

JJofhrophthalmm lineaius, 619. 
Jioulenyerina slot'msi, 605. 

Jlrachyophis revoili, 655. j 

Brachyops laticepa: structure (skull) j 
(Fig. 1), 803. j 

liacephalus typu8^ 631, 654. [ 


Calamaria meleayris, 049. 

- tmicvlor, 632. 

Calamelaps polylcpis^ 632. 

- unirolur^ 632. 

CaligorgdA fraseri, sp. n. (PI. 1. 

tig. 2 ; Fig. 4), 653. 

Calliiiiico goeldii (z. e. l.), 529. 

Casarm dtissumieri, 371. 

Causus deflippii, 637. 

- lirhfeiistrinii^ 607. 

- rrsimus, 037, ($57. 

- rhomhealiis (Fig. 1), 607. 657. 

Oentctes: slriietiiro (Organ of Jncobsoii) 

(PI. JIl. figs. 8-14), 340. 

(Wastes rornufas, 657. 

Obulcoinitra ametliyslina s. L.709. 
Cbanuvjieliu crur.iaua (z. s. l.), 707. 

Chamcfforfuoi attlu Hs^ 028. 

(Ifapinania tanru-idlis: strucluiT (Fjgs. 
J 0), 429. 

Vhth) rhino phis hiiihn. (»51. 

Vhlorophis rraiiti, 022, 648. 

- yrardis, 620. 

— hrtf rtdtptdidagf ($ 20 . 

- hoployasfer, ($22. 

- irrryalarffSf ($20. 

- inacrop,\ 020. 

- HcylniKS, ($20, ($48. 

—— srhuUd't, 022 . 

t’hr>j<o(;blons. structure (Organ r4 
Jacobson) ( PI. I \ .), o5J. 

Ciconia cieonia (z. 6, i .), 705. 

Ciiinyrib clmlybeus (z. h. j..), 705. 
(’irettu’/ii^ riref/a : si met lire (Figs. 
4, 5), 097. 

Clavularia moresbii, sp. n. ^Pl. l. 
lig.4j Fig. 1), 540. 

C’CKLBXTKUATA : 

PVom Kortb Ainenca. structure, 
systematic, 541. 

Calopeltis moileims^ 652. 

- viryata, ($20. 

Ooendu lusidioMus (z. s. i..), 709. 

-pjvb.-iisilia (z. 8. L.)t 707, 

Colulter aidicaSf 377. 

— - canm, 022, 

— cornafus, 657. 

- ftontleutus, 047. 

- huie, C30, 605. 
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Coluhftr irm/tfhns, 

- /utrir, (125, 650. 

- inhnalm^ 378. 

- 37io7/fnsifs, 052. 

- — nasicorfifs, (i38. 

- uhfifsiin^ 051. 

- mifter, 020, (i5(). 

----- uchohtri, (i53. 

. seha?, 017. 04-1. 

- - - .vhi/(Tttfi, 031,053. 

- smi/fha, 025. 

('nnq^mphiA alhivcntt'U, 371. 

Con ha a/rirnna, 640. 

Cora/Zits //Kii/(t(/ftsr(trt('H'*c^, 371. 
i'nrttiir/Zn huhnofio ui, (12S, 0.'»1. 

- )to/ofanio, 020, 052. 

- ■ - oZivorea, (UO, 0-15. 

- schf^fflrn. ( 321 . 

— M'liuot'ntffa. <124, Oil*. 

- funjnufo^ 373 . 

(V»rvus> v'upiilatus (z. s. i .), 700. 
CihummIOiih »*!vtaplu*aclus ix. ^ 1.. t. 70i». 

(>olahi«« /jln*V ctlioloif^, 5S5. 

I’lM 4 >t\( i. V : 

l*al;»*ni(jnt*tc8 nnxiralis: pro^r.aplji- 
fal, sNRtoumtic, 571. 

Cyt 98 a laodamia, ap. n. (Ft^ (!• 
520. 

-Sylvia, aji. ii. 10), 521. 

M^^//yW/^s s'l/Zu'ff, 020, 050. 

I )5i‘«TproctM agouti (z. s 1 .,). 534. 
])a'«uirus > ivfrrmu.'*: Htriiclori*, 330, 
(Unrlopiufiif (heart, eO-.) / IM. I. 
ligs. 2. 3; Figs. 4, 5, 21;, 403. 
Iktvawfu Hp. : strueturc (Figs*. 10), 
5S0. 

I>t'nih'o>'pi» Gt‘J0, 050. 

- antinoni, 050, 

- Ja?n4iAonii\ 0,30. 

-030. 

DcndrophiS fomragdina^ 023. 

DKVSLOrMENT. 

AfAMMAi.iA ; Marsupials : eye-miis- 
oles, 209; heart and anterior resBcla. 
450. 

Protozoa : Mineliinin, 445. 
iJidelpliys marsupial is: Flriiet.urc. de¬ 
velopment (Fig. 20), 337 . 


Diolenius albopiceus, sp. n. (Fig. 2), 
.504. 

IhpbadoJioa ntandata, 380. 
lhp^(uhntiorphu& ff/andtngii (Fig. 2), 
028. 

-028. 

l)ip^a> fif‘(.d feu it a, 381. 

- h/fnifhngiif 028. 

- — rolifhrtini, 370. 

- - fififiiianhi, 38(t. 

- (Ihft-rnruA) ganum'di^ var. granu- 

.380. 

Ihp'stna TidtropunHofu, 03t>, 052. 
ht>phnIoh(^ Zf/pif^. O;!!. 051. 
hifijpiiphis viva.t. < 15 ]. 

liotis magellanicMi** (z. ><. i..). ,531. 
DtunnuuulrgaA hruurt. 374. 

— ipioth'thH(‘f(fii'^^ 374. 

Ihtnntou'^ dolo oct'/’Cif^, 373. 

-3»73. 

A/tunpjlii, 

Ih omt/diis Imf'otot-, 030 , 0,53. 
lh'<f*'phg(aj httrohiA t)3t), 0,53 
Ddiitetia li\))orytlira (z. «? i TOiJ. 

Eeftid na puhoint a, 0,3*', 
fudiis {fin no his, ti,57. 

— toli>rnht>, < m 7 . 

st/uif/o/i/rra. tJ31l 
Elapn.h(A Zioiflcugen, 0.35. 

- tjnvuih* I'l, 0 . 3 . 5 . 

-iniK‘l)H (/. S'. I .). 7(<0 

- nigtr. 035. 

IJitjdnA {IhthrophtladinOf^) ho* //'//s, 

010 . 

ElnpfuUVi'pfiUA gulni/lfifAlA, 033 
Klffpo^ti'Ztnna mUianti^ 054. 

KiapA irreyuhtt'iA, 04(1 

- jamcAonli, 030. 

EfajiAoidfa iwulengrn, 035. 

- gueniheriy 035. 

- nigery 035. 

Kniieoctoniis er>lhrom)tus (z, .s. i, i, 
700. 

KphippKA d'urvitlviy 513. 

Kquus chapmunni X E. zebra (z..s. i..), 
7('5. 

ISritlmuns akaliige (z. s. l.), 700. 



XVlll 


TXBJSX. 


En/a' ftrftitfums, .‘JTO. 

— mmlhri, ti44. 

- mulfof'ammta, 372. 

- flwhfivufi, (il8, 044. 

Efeiroclijwtf- cohihrmu, 37i». 

Etiiojax, Y. 

Mammama; Conwttling powers of 
|)aUern», 079; Autliropopithecus 
ailvuB : (‘ ncNts*), 535, 5146; Sarco- 
philiis barrisi, 7»7«5. 

AvEg: Seooiidury sexual characters 
and relation to enemies, 063; 
concealing jmwers of patterns, 
679; Sporadinus ricordi, 538. 

IIei’Tima : Feeding of Snnkcb in 
captivity, 583. 

Jnskita: Concealing powers of pat¬ 
terns, 079; sjiecies bred in the 
Society's Gardens, 799. 

Akachnida : fcboronyssus serpen- 
t i unij 383. 

PnoTOEOA: Mincliiiiia, 445. 
Euhydrina valakadieti, 382. 

Enlainpis jugularis: etholog}, 538. 
Euneetes murinus: ethology, 583. 


Fells coneolor (z. 8. l.), 7tH». 

-cyni (z. s. L.), 700. 

-man id (z. s. L.j, 795. 

-pardalis (z. s. l.), 797. 

-pnrdus (z. s. l.), 534. 


Gft?i{nrpy,vis urkvfalu^ 024. 

- smaraydinu (Fig. 2), 623. 

Gazella rniifroiis (z. s. j..), 796. 

GenetUi poeneis (z. 8. i..), 7tMi. 

Geniueiis iiycthemerus x G. swinhuii 
(z. s. L.), 707. 

(icodipms houleityeri, 378 . 

- iujraliveaiat 378. 

- vauef'oeeya, 627. 

GBOtiftAriltCAL. 

Mammalia : iElureidopus baconi: 
A'pper Burma, 425; Zipliius cuvi* 
rostris in British waters, 559. 
Bk^filta : Snakes of Madagascar, 
etc., and East and Xortb>Ea>t 


GkOOU AI’IIICAL {COif.). 

Africa, 369, (ill, 6-11; Anipliis- 
bmna, Herpetodryas: OoloiiibiH. 
659. 

AiiACiiNinA: Salticidtt*: Dutch New 
Guinea, dOl. 

UarsTACKA; rulminotieteH australis : 

West Australia, 571. 

VnuMinzA: Land Flanarians : West 
Australia, TaHiiiania, 093; Geo- 
ncinertos dendyi ; West. .Australia, 
5ti7. 

C(BLEiiTRUAY\: .North America, 511. 
Geonemertes dendyi, st). n.: 

structure, geographical (Kig. 1). 507. 
(ieoiduuft afMit, 791. 

- haifouri, t)97. 

-comitatis, sp. n., 09t). 

— dakini, sp. n., 694. 

- dieninieiisk, 699. 

-liavilineata, sp. n., (;95. 

-fl3mni, ap. n., 701. 

- nmtoni, 791. 

-nichollsi, s[>. n., 099. 

- f/tUfique/invatit, C98. 

- ifwnattUtita^ 097. 

—- fypfdojis, 791. 

Gisella barrisi (z. s. i797. 

(iluHconia (dyrnrHifis, Ii43. 

. . ftotileuf/rri, 017. 

- ffraitrri, til 7. 

- — ('(firi, 643. 

- coiijuncta, 017. 

- diiishnUis, 043. 

- distanti, til7. 

*- - cnmn (Fig. 1), 017, til." 

- filifurmis, 043. 

-- louyicintda, 617. 

- — maarorliyiirhuis, (*,43. 

— tfiacriim, 043. 

- merkeri, 617, 

- i’clicuCdta, 643. 

iilifpholyvua bu-olor, 019. 

- whylii, 619. 

Gmyyhpkis muelleri, 644. 

Gonumotopkis diynjsii, 622. 

Gruy'm tfiurdiy 619. 

—~ t^myfhii, 625. 

- tholtoui^ 625.049, 



INDEX. 


Hirp,4dophryii Ihicata. 

HasariuB glaucus, »!>. n. ri'ig. * 

r)2:J. 

HtmirhagtTrhh ke!kri, 021*. (mI. 
Herpetodryan-hernierii, 074. 

- goudofit 078. 

- quadrilheatvA, 074. 

- rhodogastf^r, 070. 

-vicinuB, 8 |). n. (Fig. 2 ;. *;<;(*. 

ffi’ierodon defilippU^ (107. 

- — diademo, (J48. 

- liiadaguKt'orivnaiK 07(> 

- wodsitfns, 07(». 

lUtendepis 621. 

- poetutis, Jj^l 

Ifeferolivdoii fotyuafiis, 07r>. 
If$tm‘opktJS rpnittins, *i07, *mT 
HeternruM arctifttsctatuR, JiSI. 
Holuropholi^ ahtua rifu, (>2** 
/{oma/ocepfmhifi hiiuumi^, 
Homnlomum nhymmenm, r)2r>, (>0(* 

- lidn.r, <520, (ifK*. 

—— »htrntnm^ (lOn. 

Ifottbani uu(luiat4i iz, .s. i..), 021*. 
Hydmn ptatnrm, 082, 6*00 600. 

- -- vnlakndyn/^W^, 

IchoronyssuB serpentium, »•{>. 

(Figs. 1, 2), 08,0. 

IdiophiH vailfanti. 07<5. 

1 NBRCTA : 

Paltcrn-blendiug uml Ciniconliiietit 
outline, 679; SpffivB lireil in 1 
Society’s Gardens, 7(*1*. 
Ithgcyphus goudoft^ 078. 

- mmiatus^ 078. 

IxiiliiB daTicollie (z. s. i.,;. 769. 

Jotus igneus, sp. n. (Fig. 0). OK*. 

Laobesie alternatiis: elliology. 080. 

-mutus: eth‘>logjk, ,^84. 

Jjaa^yrophh ahyssinirns, 640. 

- rugerit 646. 

Langaka alluandi, 079* 

- msia-^alli, 379. 

- imtmMdw, 379. 

Paoc. Zool. Scx!.— 1915 , No. 


Jjfnu/aha mimtft, 371*. 

Lpplodira ufinrnnnA, 628, 

- deypni. 628 . 

- hotumlnjun, 628, 601. 

- tmiicri, 628. 

- wemeri, 628. 

Lepfophus kirtlmidii, 601, 600. 

— tateralia, 074. 

Lpfhpohia pallida, 616 

I Lioheterodon ycayi, 076, 

I- //indaynsfv/ 'ipnfiTy,, 076. 

] minlpKtns. 076 

j ^- vocll:'knni. 076 

i Liuphidium ynicilv, 074 

' - trillnenf nni, 074 

: Lniphu nnrnn^, .*>70 

I- qnmqut'hin'atn'-,, 070. 

i Lit*pho/idophfs grandidtpri, 070 
i Tjophoplioriis nnpeyunit.s (/. a i. 7<'0. 

* Loplmni ruOi (z. .s. L ). 76."» 

I Lytodijji anfini!', 077. 

- ntjtenati*, 621, 64i» 

I- fnliyi/ioaui^, 64»). 

* -//#’«/</<’/'/ irits^ 077. 

LyrtMhyaf^ Aaneit-johomN,s, 081. 
tjifCognalhnphiA spcht ’/>»;/>/’,, 077 
! Lyrophidiinn ahiff^stnirjith', 646 
■ — ** m'nhroafrv, 6’2(*. 

— v(if>rtiA*\ 621, 646. 

*•' -- jacksinni, 621 

— - - nirlpagns^ 62(* 

- .siwmritK'lnfn, 621. 

Lydekkerina, gen. n ;i66 

-huxle^>i: si met lire (iMg. 0). 066. 

I LytorhynchuA diadema, 648 


' l^lacropiis rufic'ollis: slruetiire. develop¬ 
ment (Figs. 20, 24*, 004. (Figs 21, 
22), 483. 

I M. 4 mm.\ma : 

]6ar.siipialia: struetme (huad-cavi- 
ties), development (eye-nuisoles), 
j 299; developiiiout (heiirt, etc ). 

409: Insect I vorn: Organ of Jacob- 
j son in Tnlpa, Oentetes, Chryso- 
I cbloris, 347 : ParadoxurmsEi • 

XLIX. 49 
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INDEX. 


Mammalia {con .); 

istnict lift;, K^irfiteiiiat ic, «i87 ; ^lu- 
reiilo])HH bacon I: alructure, ftys- 
ieirratic, 42.'>; j^nthropopithecus 
calvus: ethology, 535, 536; Zi* 
phi us caviroBtris, geographical, 
structure, Mysteiuatic, 559; Sar- 
cophiluB harnsi: ethology, 575. 
Manucudui atra (z. s. l.}, 707. 

MehdifQ sottuUifimin, 647. 

Meleiigris o<rellatn (k. s. l.), 705. 
Menemerus ruiu^ivorus, 512. 

- paifktiMi, 513. 

Micrelafiif bu'ohmUui^ 632. 

- hoetfgeit, (i54. 

(»54. 

- vaillaidi, 054. 

Microptathodim {K'hracrmt 377. 
MUleporu mfrvtgteuy .‘»44. 

Mimophih mahfalcHmi .‘181. 

Minchinift : (lerelopiiient: ethology 
(Pis. I., II.), 445. 

Miodm chrzstgif 033. 

- gahonenm, 033. 

- grautrif 633. 

Mopaw mormon, 522. 

Morpholook. f)€e Strvctvkb. 

Mub BylvaticuB >vintoni U, 8. L.), 534. 
MuBca doiuestiea: ethology, 529. 

Xaia mufualtceph, 036, OiHi. 

- halt, 686, 6.5/). 

-^ melanolouca, 630. 

— meiauoleuca, 636. 

- nigriooUia, 686, 656. 

Nandinia linolata: ntruoture (P'igs. 3, 
4, 5,10), 387. 

Neocren erythrops («. 8. i..), 709. 


Oligolepis macr<p8, 623. 
Ongchoeephalm arenariua, 370, 

- dinga, 015. 

- mosmndrieuH, 61.5. 

- mucrtm, 616. 

- teUetMui, 615. 

- (Lethsobia) lumhrieiformia, 616. 

Ortygospiaa atrioollis (e. 6. l.), 706, 


Oryx leucoryx : iioras, 535. 
OUria oaliforniaua (e, s. l.), 706. 


Paliimonetes australiB, ap. n., 

geographical (PI. 1.), 571. 

Paradisea rubra (e. 8. l.), 707. 
Paradomrm: structure (Kiga. 1, 4-7), 
387. 

Varagorgitt arborea (Fig. 2), 548. 

- nodma, 548. 

- mptlis. 548. 

Parttrhadino'a mHaihogaater, 376. 
PelophtiuH inadagaacarienm, 371. 
PeraiiKdes nasiita; structure, derelop- 
meut (Fig. 2*5), 336; defelopiueiit 
(heart, etc.) (PJ. I. figs. 4, 5; Figs. 
6~15, 25), 406. 

--obesula : development (heart, etc.) 

(Pis. L. 11.; Figs. 1-3, 16-20, *2.5), 
;137, 460. 

Pericrocitt us roseus (/.. h, i..), 706. 
Phnscoluretus citiereUH ; structun*, 
developiueut (Figs. 20, 21), 330. 
PhtiBcoloinys mit<4)e)li : structure, 
developiiient (Fig. 22), il33. 
Pkilothamttus mglevtm, 623, 648. 

— scmivuneyutna, 623, 048. 
PhlogGeiiHs rufigula (e. s. l.), 707. 

PliyHomed usa saufagii (e. a. L.), 709, 
Planartu taKmmiinud, 697. 

Pkxippua motitruuxieri, 622. 

- paykiilUi, .512. 

Polgodontophia mayoltenm, 373. 

- rhodogaUcr, 373. 

- forqmUth, 373. 

PotOB caudivolyulua (z. s. i..), 707. 
Ftinmoa willeyi, sp. n. (Fig. 3), 
551. 

PristerodoH ugilia : structure, 358. 

- brachyopa^ 358. 

- mrkayi : structure (Fig. 1), 356. 

- romvp *; structure (Fig. 2), 

357. 

Prosymita aMgm, 625. 

- hocagiu 625. 

- meleagris, t>49. 

-r— variabiiis, 626. 

- vaasei, 625. 



1KDE3C. 


xxi 


FR(m>zoA : 

Ifaplosporicliu: Mitu'lntiiu, develop¬ 
ment, ethology, Kyetematio, 445. 
Pmmmogurffia tarn (PI. I., fig. 1; 

Fig. 5), 554. 

VMwmophu 

- hiHeriatti»y 631, 

- mnh/aleiufiSf 381. 

- oxifrhynchus^ tiyO, lif),*!. 
pulcker, 0.54. 
pnvctulatus, (>30, 053. 

- achokarif 05.3. 

- aaifchellemtst, 377. 

- Hthilam, Oiil, 053. 

- - -, var. mhtoiuata, 031. 

--- suf>tatniatu$, Oill . 

- trinn^lis, 031. 

P.>>mmophyhx mriahUi», 021). 
V^euduaepit^ (i22. 

Pficudi^Htfi varhiata^ 057. 

P:iaiidvftiHjifon yaavat 04.5. 

IVeuduiB iinliuni (*.t.J, 705. 
l^ioudoxyrhopm attdnuen,>n, 375. 

— dubiua^ 375. 

- heferunta, 375. 

- J mart me, 375. 

' - . 37 «^» 

- --- iH'upiUdi^/tVih. 

ipttmpff/tiH'fffnf, 375. 
nnin'aHduii}i. 375. 

IMiIopiii-lns fiiwus (z. s. I..). 7<)0, 

PliniiM piisiliiis <z. K I..), 711, 

' — tectus (7.. a L.;: eiliology, 711. 
J*ythv>ii rayiuK, )>44 : h. l.). 700. 

-ivticulatiis: ethology, 58.3. 

- - * seJite, 017, 04-1. 

Pythmiodipmt^ vorhmta, 027. 


Raiia ternpornria; etriirture, 712. 

-tigriiia: structure (Fig«. 1-3), 

003, 

Rangiier taranduH (z. s. l.), rt34. 

Rem LI A: 

Snakes of MadagaFcar, etc., East and 
North-East AfVica ; systematic, 
300, 611, 641; Pristeriulon, Tro- 
pidostoma: struct nrf, systematic, 
355; Brachyops, Bothricepe, 


Rbctilia (row.): 

Lydekkerina: atructun*, syste¬ 
matic. 303; 8nake-feetling in 
captivity. 583; Ampliisbtena, 
Tlerpetodryab : geographical, sya- 
teinatif, 0.59. 

Jihahdofophis auhcfaidatis, 375. 
Iithagfirrhis tnt<B)\inta, 029, 0.52, 
1ihantuoph 'm Jm‘kf<(Ht4t. 024. 
lihairiphinp/ni^ oxyrkyuchus, 6.30, (i,')3. 
— ruhropinicfniiin, 030, 052. 

Rhea nnicritvina (/,. s. i..), 700, 
lihbuKialamtf)- dimubufuR, 032. 

—— maiengns, t»32. 

Klnnoclietua kjtgu: structure (Fig. 5) 
413. 


SeUtiaitit vuUt'ivtn'iis, ,">12. 

Sarcophilus harrin: ethology (Fig. 1), 
575. 

Scaphiojdtif^ (fbnipumrnfm, 02t», 049. 
lsk‘hlegeli» wilboni (z. «>. i..), 707. 
iSeiurua >.trainini‘U8 (z. s. l.). 707. 
Sepedvn yhonthea/fna, 037, 057. 

Siiuia snlyru.a /z. s. l.), 70»>. 
Simoirphnlitii hufferi, t>47. 

- - - 021 , 

- vhauhri, 621. 

- 022 . 

" - pif('nsif>^ 021. 

— * 621. 

OperiMi'Siea nignceps (z. s. l. 707. 
8pUodronianii8 giu^tncus (/. l.) : 

ethoh>gy, 710. 

-gut tats (z. s. i.,>: ethology, 709, 

Sporiidimia ricordi: ethologv, 

Sit/topfnK arcit/asciatftf-, .38]. 

— ftatmi/ntiim, il8J. 

— gaimtmhi, 380. 

- grrrnufMrpii. 380. 

- guanfheri, ;i80. 

- inornatua, .380. 

- httgiaanda, .381, 

- tmcihlatm, 380. 

— varittbUh, J18I. 

SfeHosioma cairi, 643. 

- conjttiuttvm, 617. 

— dimtnile, 043. 
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INDfflL. 


8ttnf>$t.0Ma lo^tgivamla^ (517. 

— marrorhgitchnm, (MS. 

STE17GTURB. 

Mammalia: Head-cavities and eye- 
muscles in Marsupials* 299; Or¬ 
gan of Jacobson in Talpa, Oentetes, 
Chrysochloris, 347; I'aracioxuros, 
Arctictis, Arotogalidia, Nandinia 
(feet, glands, etc.), 387; .Slurei- 
dopus baconi (skull), 425; Ziphius 
cavirostris, 669; pattern-blend¬ 
ing : experimental analysis, 679. 

Avbb: Aramus giganteus, Rliino- 
cbetus kagu. 413; secondary sexual 
characters, (1(53; pattern-blending: 
experimental analysis, 679. 

Rbptilia ; JVisteriulon, Tropidosto- 
ma, 356, Brachyops, Bothriceps, 
Lydekkeruia, 363. 

Batra('IIIA : Rana tigrina, (563. 

In6B('ta : Pattern-bleiuling: expert- 
mental iinalysiH, 679. 

Vkbmioic.\: Tienia taurionllis, 429; 
Geonemertes dendyi, 5(59; I)a- 
vainea sp., 589. 

Ocelbmterata : Stylasteridse (gono- 
phuros), 545. 

Stumia sinensis (x. s. l.), 766. 

S^glasfer (A/fopom) vorvegicus (PI. I. 

fig. 3), 544. 

Bus sorofa: skin, 534. 

Sylvicapra corouata ( 7 ,. s. 1 ..), 706. 

Sylvilagus supereiliuns (z. s. l.), 634. 

TuchymetUt houlmgeri, 378. 

- infraliueatus, 378, 

7'ania ttrnihionk : structure, 689. 

- tauticollU : structure (Figs. 1-6), 

429. 

Talpa: structure (Organ of Jacobson) 

(PI. Ill. figs. 1-7), 348. 

Tafhophu guenthfvit 627,651. 

-651. 

— wmianntUatm, 627. 

Taurotragus oryx (z. s. l.), 706. 

Tayassu taja^u (z. s. l.), 634. 

TeUmonia mandibiil&ta^ sp. n. 

(Pig. 4). 608. 


TMamonia vidua, sp. n. (Fig. 3), 
505. 

TtlewfTpua amiannufatWt 627. 

Testudo galapagoensis (z. s. l.), 706. 

-nigrita (b. b. l.), 706. 

Tiiaumaglossa biinaoulata (z. s. u): 
ethology, 710. 

Thdotonm kirtlandii, 631, (568. 
Tkrasops jaekmiiit 624. 

- rothschildii, 624. 

Tigrisoins saltnoni (z. s. l.), 767. 
Triohosurus vul[)ecnla: structure, de- 
velo]linent (head-cavities, eye-mvs- 
cles) (Pis. I., IL.; Figs. 1-19), 299. 
Trituerorhinm frifaniafus, 629, (562. 

- mriahiits, (529. 

i Tropidonotun didichweirnn, 373. 

I - grandidieH, 373. 

( - 374. 

'- o{ivarrv,<, 619, (545. 

I 

i - nrMiieatuii, 373. 

. - htimpjit, 374. 

j Tropidonionw mifrofrma: structure 
I (Figs. 3. 4), 

' Typhlops antftrof^tria, 642. 

^ — - oMphi, (*15, (542. 

-offMCmw, 370. 

1 - hhujmdn, 642. 

i - hocagU (515. 

, - tn^ettgen, 376, 

- fframmn<, 376, <514, 

- vmnorvHnU, 370. 

-cww«>as/r/.s, 642. 

- etfrorarr^ 376. 

- dinga, 615. 

- gwrr(7>, 615, 

- gracilu, 614. 

- grandfdim, 371. 

- hottfuttdm, 616. 

- hwnho, (516. 

- klethergi^ 616. 

- IcMrontm, 616. 

- imthriciformu, 616. 

- madagaMX!,ri$im$f 371. 

- ma/ndentis, 616. 

— mwrocephaim, 376. 

- moimndmut, 616, 

- mucrontUmt 370. 

-— mucruio, 6I6t 



Tt/pftfo^ts (ihtunUi^, (liTj. 

- — (]Hk 

- — pfah/rhf/nchu^f lUT). 

- jntuofaht.'^ 

- — ^Mejddf OJ.'). 

- >(frofrauu.\ <M‘J. 

- sotualu'un^ (»42. 

- M/e'usis, (»ir». 

- - fomirn, (»ir». 

— — uir((<sniotiis ,»)!(», <i4‘J. 

/ nt'cliHs tinu"uloi\ 0lJ4, <1.V). 

" ■■ jtfrAixjntt, (UW. 

.- htnnlalui^, 

- nninc*'ps^ (Ki4. 

\ AIM A'I Mi>. 

A\k.s {»uU*i'iculaf;i. 

\ KKMIlil.A : 

Crstoda: Ta'jiiu V'lwip- 

iiiMuiu , h‘ ructur*’, sv^ltMnuLic. 4*J0; 
Ta-n'rt. D.ivaino/t : striiflure, m*** 
toinatic. : NrMK'Hmea iVoin 
VV <‘bl.orM Au&tniha and Tnwniaiiia : 
sy»tt*rua(i<', (JlKt; CTfononuTU'S 
dcndu . structure, s}Momutic,r><i7 


iM)KX. xxiii 

/'//w'm unejaus. (>38, (m7. 

- — hindii^ (538. 

! - mperrthnrit’^ (i.'JS. 

Vivcri n ulfi mutacceum striK lun* 

; (Kig. :w. 

i 

j 

j IVal/ennumn wyypda, (iDii. 

I Xi itortiittnnis htrt'fin-^ <>3:^. 
j t i>h»s<fVut juatOnjUfi <n if n.sr^ 3i71. 

Zamnn's hmuf>, 1)47 

; - t//MW//, ()17. 

I - jUfrulfHtus^k^Alk. 

- } ho(k>rhf(i‘Inii, 047. 

* — '^hiithu, i)47. 

<<////». r»4»''. 

- i<(>mahf‘ifi', 047. 
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No. 147. 


ABSTRACT OF THE PROCEEDINGS 


OF THE 

ZOOLOGICAL SOCIETY OF LONDON.* 


Jane 8tli, 1915. 


Dr. S. F. Habbieb, M.A., F.R.S., Vice-President, 
in the Chair. 


The Minutes of the last Scientific Meeting were confirmed. 

The Secbetaby read a Report on the Addit-ons to the Society’s 
Menagerie during the month of May, 1915. 

Mr. Geobqe Jennison contributed a note upon tlie “nest” 
made by a Chimpanzee in the Belle Vue Zoological Gardens, 
Manchester. 

Dr. CuTHBBRT C. Chbisty, M.B., C.M., F.Z.S., remarked upon 
the temporary sleeping-jilatforms that he had seen made by 
Chimpanzees in the Ituri Forest. 

Mr. Alfred Ezra, F.Z.S,, exhibited a living specimen of 
Ricordi’s Humming-}3ird, which had been in his possession for 
about twelve months, and described his methods of feeding and 
exercising these birds, with which he had been so successful. 


Mr. R. E. Holding exhibited several specimens showing varia¬ 
tion in the horns of some local breeds of West African Humped 
Cattle. 


* Abstracst is pnblisliad by the Socif ty at ita offices, Zoological Gardens, 
Begent*! Park, N.W., <m tlie Tuesday following tlie date of Meeting to which 
it refers. It will be issued, along with the * Proceedings,* free of eitra cbifrge, 
to all Fellows who subseribe to the Publications; but it may be obtained cn the 
day of pubUoatton at the priee of Sutpence, or, if desired, sent post-free for 
the sam of 5!ur ShiUinj/9 per annum, payable in adrance. 
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Mr, E. T. Njewton, F.B.8., F.Z.S., exhibited two horns of 
the Sabre-homed Antelope (Orf/x hucoryx)^ and remarked on 
certain peculiarities presented by them. 

Mr. R. I. PococK, F.R.S., F.L.S., F.Z.S., Curator of Mammals, 
read a paper on the feet, scent-glands, and other external cha¬ 
racters of the Paradoxurine Yiverrids, belonging to the genera 
Paradoxvania^ Ardogalidla^ Arctictia^ and Aandmto, showing how 
these may be distinguished oollectirely from the Viverrine genera 
{GeneUay Viverra^ etc.) and also how they may be differentiated 
from each other in the characters discussed. 

Dr. A. Smith Woodward, F.R.S., V.P.Z.S., read a paper on 
the skull of an extinct mammal related to AdnrapuSi obtained 
from a cave at the ruby mines, Mogok, Upper Burma, which he 
described as the type of a new genus and species. 

Miss K. M. Parker, B.Sc., communicated a paper on The 
Early Development of the Heart and Anterior Vessels in 
Marsupials, with Special Reference to PertMnelea.^ 

In Marsupials, as in Eutheria, the pleuro-pericardial canals 
become continuous at an early stage, forming a horseshoe- 
shaped cavity lying round the anterior end of the embryo. The 
lateral endothelial tubes first arise in the hind brain-region and 
grow forwards. The anterior portion of the pleuro-pericardial 
cavity now increases rapidly in extent and its crescentic posterior 
wall, which forms the lip of the anterior intestinal portal, moves 
bacl^ards as a whole, a process which brings al)out the length¬ 
ening of the foregut, so that the heart-primordia come to lie 
ventral to the closed gut. The heai*t-tube8 are brought into 
contact with each other by the growth of the pericardium, which 
increases rapidly in ffntero-posterior length without any compen¬ 
satory growth in width. 

In the succeeding stages, the heart-primordia increase in 
length, and undergo curvature and differentiation into ventri¬ 
cular and auricular limbs. Complete fusion of the endothelial 
tubes does not occur till a relatively late stage, and proceeds in 
the antero-posterior direction. 

The development of the aortic arches is typical, while the 
cardinal veins are derived partly from a vessel which lies close 
against the neural tube throughout its length and partly from 
more laterally situated capillaries. 

Lieut. R. Broom, M.D., D.Bo., B.A.M.O., 0,M.Z.S.,8ent a paper 
dealing with certain Triiussic Stegocephalians. Restorations are 
given of the skulk of Rmsiyegew tatioepa Owen and Bcthrioepa 
auBtraUa Huxley, which are regtnrded as forming, with Bahratm- 
aeiixhuB iroumi Broom, a dkidnct fimily, Braohvopidn. Sothrieefa 
kuaiayi l^dekker is afiown to diffar from jBot&Hsqps 
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in the structure of the occiput, anJ in having nunierauN small 
teeth on the pai-asphenoid, pterygoids, and prevomm, and thus 
to belong to a very distinct new genus. 


Tliis Meeting closes the Session 1914-1915. The next Meeting 
of the Society for Scientific Business will be held on Tuesday. 
October 26th, 1915, at half-past Five o’clock v.m. 


Coniinunicntions intended for the Scientific Meetings should 
be addressed to 

P. CHALMEKS MITCHELL. 

iiecfHat'i/, 

ZvouMiCAh Society of Lo.nuon, 

Heoent’s Park, Losnox, N.W. 

JuH« 15<A, 1915, 




No. 148. 


ABSTRACT OF THE PROCEEDINGS 

OF THE 

ZOOLOGICAL SOCIETY OF LONDON.* 

October 26tb, 1915. 


Prof. E, W. MacBribe, D.Sc., F.Il.8., Vice-President, 
in the Chair. 


The Minutes of the last Scientific Meeting were confirmed. 

The Seceetart read a Report on the Additions to the Society’s 
Menagferie during the months of June to September, 1915. 

Mr. R. I. PococK, F.R.S., F.Z.S., Curator of Mammals, 
exhibited a series of burrow^e of trapdoor spiders from Soutli 
Africa, belonging to types never previously brought to England. 
They were collected at Alicedale, nr. Cmhamstown, by Iklessrs. 
F. Thurston and F. Cruden, and were given to j\fr. Pocock by 
the former gentleman, who at the same time presented to the 
Society living examples of Stashnopiis and Gorgyrell'a. 

Mr. D. SsTH-SsiUTn, F.Z.S., Curator of Birds, exhibited a 
Mandarin Duck {JSx galeHculata) in wliicli an extra digit had 
grown from the inner side of the right intertarsal joint. He 
remarked that similar eases had been recorded by Bateson 
(‘ Materials for the Study of Variation,’ page «^94), but he 
believed that such abnormalities were rare, especially in birds 
other than those long domesticated. 

Mr. Sfirn-SMlTH also show^ed a living hybrid Swinhoo’s and 
Silver Phea&tnt, which had been presentetl to the Society by 
Mr, H. J. Biwes, F.R.S. It was a male, and a very handsome 
bird, but, although somewhat resembling Swiuhoe’s Pheasant as 
regards the hetui and neck, the back, rump, and tail were of a 


♦ Tliii Abstract is published by the Society at its oilloes, Zoological Gardens, 
Begent s Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be tssued, along with the * Proceedings,* free of extra charge, 
to all Pdllows wbombscribe to the PuhlieatioDs; but it may be obtained on the 
day of publicatioi) at the price of or, if desired, sent post-free for 

the sum of per annum, payable in adrsnee* 
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obeKtnutrbrown colouri differing from the males of both parent 
species. Mr. Eiwes had also presented to the Society a young 
bird which be had bred from the above-mentioned hybnd, pair^ 
to a pure ben Swinhoe Pheasant, but this bird was not yet in 
adult plumage, 

Mr. E. G. Boulbngbr, F.Z.S., Curator of Eeptiles, read a 
paper on the feeding of Snakes in captivity, based on observations 
made upon specimens in the Society’s Collection, The results 
showed that, with rare exceptions, snakes that refused to feed on 
dead animals were not more likely to accept them if alive. 

Dr. S. P. Haembr, F.R.S., F.Z,S., read a preliminary paper 

On Specimens of Cuvier’s Whale {Ziphiua caviroatriB) from the 
Irish (joast.” 

The inclusion of Z. camroairia in lists of the Cetacea of the 
British Seas appears to rest on the evidence of a single skull 
obtained by Sir William Turner from Shetland. By an arrange¬ 
ment made with the Board of Trade in 1912, the British Museum 
receives telegraphic reports of the stranding of Cetacea on the 
British Coasts. Two of the specimens thus reported have proved 
to belong to this rare species, and their skeletons have been 
secured for the Museum. One of tliose individuals, stranded in 
Co. Wexford on July 18, 1915, was ascertained to bo a male, and 
it possessed a pair of massive teeth, about 1| inches in diameter 
and If inches in length, at the antenor end of the lower jaw. 
The sex of the other specimen, which was sti*anded in Co. Cork 
on February 13, 1913, could not be ascertained, although its 
cranial characters point to its having been a female. The teeth 
were completely hidden beneath the gum, but dissection showed 
that two were present, in the same position as those of the male, 
but considerably smaller, their diameter only slightly exceeding 
half an inch. Casts of the lower jaws were exhibited. It was 
suggested that Ouviei*’6 Whale is likely to prove less rare than 
has hitherto been supposed, as both specimens here recorded 
were at first believed to belong to JETvpsroodon roatraUia. It will 
be desirable to scrutinise carefully future records of Bottle¬ 
nosed Whales,” in the hope of ascertaining that some of them 
really belong to Ziphiua or to the allied genus Maaopladon. 

Dr. P. E. BsDDARn, M.A., P.R.S., F,Z.S., Prosector to the 
Society, read a paper on Avian Cestodes entitled On Tama 
airvAimia Parana and Allied Forms,” in which he defined a 
probable new species of Davainm parasitic in the Ostrich 
{Struthio maaamul), 

A paper was read from Mrs. Maay O. Bobsrts, O.M.Z.S., on 
the sucTOSsful breeding and rearing of the young of a pair of 
Tasmanian Devils {tSaraopMua Aoirm), kept in captivity at 
Hobaiii. 
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Professor S. J. Hicksox, M.A., F.R.S., F.Z.S., contributed a 
paper on some Alcyoiieria and a Stylnster from the west coast of 
North America. Throe new species of Alcyonaria were described 
therein. 


The next Meeting of tlie Society for Scientific Business will he 
lield on Tuesday, November 9th, 1915, at half-past Fi\e oVlock 
P.M., when the following coniniunicatious will be made : — 


ExHTumoxs AX3> Notices. 

(f, E. NicnoLLs, l).Sc. 

Some Noteb njioii the Anntoniy of lUina liyrim. 


J. C, Mi/rraAM, M.H.(Lond.). 

(1) The Distjibution of Sccondniy Sexual Cliaracters 
Hiiiongst Birds, with relation to their liahility to the Attack 
of Eneiuies. 

(2) Home Observations on Pattern-Blemling with Referenca 
to Obliteiative Shading and Coneealnienl of Outline. 

C. Boden Kloss. F.Z.S., F.R.0.8. 

On a Collection of Maiiunals froni the Const and TslaiKls of 
S.E. Siam, with an account of the Fiuit-Bats by Dr, Knud 
Andersen. 


Prof. W. J. Dakim, D.Sc., F.Z.S. 

Fauna of West Australia.—III. A new Nemertean— Geo- 
nemertea dendyif sp. n.—being ^ the first recorded Land 
Nemertean from Western Australia. 

IV. PiUamaneiea auatralis^ sp. n., being the first record of 
the Genus in Australia. 
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The following papei^s have been x^eceired;— 

G, A. BouLEKQEa, F.B.S., F.Z.8, 

(1) A List of the Snakes of East Africa, North of the 
Zambesi and South of the Soudan and Somaliland, and of 
Nynssaland. 

(2) A List of the Snakes of North-East Africa, from the 
Tiopic to the Soudan and Somaliland, including Soooti'a, 

(3) Descriptions of a new Amphisba^na and a new Snake 
discovered by Dr, H. 0. F. Spurrell in Southern Colombia. 


Communications intended for ihe Scientific Meetings should 
be addi'essed to 

P, CHALMEllS MITCHELI., 

Hecrttaryt 

Zoological Society of London, 

Keoknt’s Park, London, N.W. 

November 2nd^ 1915. 




No. 149. 


ABSTRACT OF THE PROCEEDINGS 

OF TUB 

ZOOLOGICAL SOCIETY OF LONDON.^ 


November 9tb, 1915. 


Dr. S. F. Haumer, M.A., F.R.8., Vice-Prebident, 
iu the Chair. 


The Minutes of tlie lust Scientific Meeting were confirmed. 


Tlie Skorbtary read a lle2K>i't on the Ad<litions to the Society’s 
Menagerie during the month of October, 1915. 


Pn>f. H. MAXWEix Lefrov, M.A., FZ.S., Curator of Insects, 
reiid a re|;ort on the House-Fly Investigations carried out during 
the present year in the Society s Gardens, 

Mr, C. J. C, Po<iL, Assistiint Cui-ator of Insects, read some 
notes upon a number of species which had been bred and 
exhibited in the (kird Insect House. 

Dr. G. E. Njcholls rejid a paper containing an account of the 
Huatomy of Rana tl»e so-called Bulhfrog of India, and 

drew attention to certain features in wliich this species diflers 
from its Eui'opean congeners. 

Dr. J. C. MorrHAM read a paper on “Pattern-blending with 
reference to Oblitemtive Shading and Conc^alnjent of Outline.” 
The paper recorded the results of laboratory experiments with 


* This Abstract Is published by the Society at its oflBces, Zoological Gardens, 
BeWs Park, K.W., on the Tuesday following the date of Meeting to which 
it refers. It will 1^ issued, along with the • Proceedings,* free of extra charge, 
to aU Fellows who subwsribe to the Publications; but it niay be obtained cn the 
day of publication at the price of Sijepmce, or, i( desired, pent post-free for 
the auiu of ISisc per annum, paysble in adtonce. 
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artificial pattema. The experiments showed that obliterative, 
or counter-shading could ^ produced by blended black-and- 
white pattern, and that beyond the blending distance, inter¬ 
ruptions at the margin of a patteim,or similarly placed eye-sjKYtH, 
blur the margins. The latoratoiy experiments were compai*ed 
witli actual patterns of animals. 

Dr. Mottram also read a paper “On the Disti’ibuiion of 
Secondary Sexual Characters amongst Birds, with t^elation to 
tlieii* Liability to the Attack of Enemies.” I'he paper was based 
u{>on a statistical enquiiyr into the possible existence of a 
correlation between these factoi’S. 

Mr. C. Boden Kloss, F.Z.S., F.R.(1.S., contributed a paper 
on a collection of Mammals made by him on the coast and 
islands of S.E. Siam, over 500 specimens being obtained. One 
species and twenty-two subspecies were deisM^rib^ as new. 

Two papers, dealing with the Fauna of West Australia, were 
received from Prof. W. J. Dakik, J^.Sc., F.Z.S. The first 
contained the description of a new Land Nemerteati, the first t.o 
be recorded from West Australia. The second iwper described a 
new prawn-like Crustacean of the genus Ftdcfmonetes^ which 
genus had not hitherio been recorded in Ausinilia. 


The next Meeting of the Society for Scientific Business will he 
held on Tuesday, November 23rd, 1915, at half-paAt Five o'clock 
p.v., when the following communications will be made: — 

Exhibitions and Notices. 


(L A. Boulenger, F.R.S., F.Z.S. 

(1) A list of the Snakes of East Africa, North of the 
Zambesi and South of the Soudan and Somaliland, and of 
Nyassaland. 

(2) A List of the Snakes of North-East Africa, from the 
Tropic to the Soudan and Somaliland, including Socotra. 

(3) Descriptions of a new Amphisliwna and a new Snake 
discovered by Dr, H. 0. F. Spurrell in Southeim Colombia. 
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Prof. ARiHru Dendy, D.Ko.. F.Il.8., F.Z S. 

On some Land-Planariaiib collected in West \nstralia and 
Tasmania by M6ml)eis of the Biitish Associatiou for the 
Advauceinent (»f Science. 

0. Tate Hegav, M.A., F.Z S. 

The Morphology of the Cypiiiiodont Fishes of the Subfamily 
PhallostethuiH). 

The following paper has been received :— 

J. XL Lloyd, M.Sc. 

Some (>l)bervationK on the Stnictuie and Jjfe histoiy of the 
common Nematode of the Dogfish. 


Communications intended for the Scientihc Meetings should 
l>e aiidi'eesed to 

P. CHALMERS MITCHELL, 

i>eoretari/. 

Zoological S(K'iet\ of Lonlon, 

RbgisnVs Park, Londov, N.W. 
yovember 11)15. 
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AB8T11A<;T ok the PHOcrOICOINfj.S 

UF THE 

ZOOLOGICAL SOCIETY OF LONDON.' 

November 23rd» 1915. 


Dr. A. Smitfi Woodward, F.E.S., V^ice-Presideut, 
ill the Chair. 


The Min (lies of the last Scientific Meeting were (»oufinned. 

Mr. R. W. Harold Row, B.Sc., B\Z,S,, exhibited photographs 
of an interesting abnormal Frog, in which both posterior limbs 
lacked the liallux. thongli the calcar, or prehallnx, was present on 
each side. The characteristic structure of the digits still existing 
clearly proved that the missing toe was the hallux, and dksection 
showed that there whs no trace of it internally. All the other 
four digits were perfectly normal. 

Prof. Arthur Dendy, D.Hc., F.R.S., F.Z.S., read a paper on a 
collection of Laml-PIanarians made by members of the British 
Association in West Austifdia and Tasmania. Three si>e^‘ies were 
obtained in West Austmlia, all of w^hich proved to be new, and 
of six species collected in Tasmania, two were described as new. 

Mr, G. A. Boulenger, F.R.S., F.Z.S., gave an account of two 
papers containing lists of the Snakes of ^ist Africa and Nyassa- 
bmd, and of North-east Africa and Socotra, with keys to the 
identification of the genera and species. 


* Thh Abstract is publifthecl by the Society at its offices, Zoological Gardens, 
Bcgenl*s Park, N.W., on tbs Tuesday following the date of Meeting to which 
it felbre. It will be issued, along with the ' Proceedings,* free of extra ebam, 
to all FellowB who subecribe to the Publications; but it may be obtained on tlie 
day of piddioation at die price of Sixpence, or, if desired, sent post-free for 
the mm of Si» Skilling per annum, payable in adrance. 
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Mr. Boulexger also read a paper in wliich he described a 
new Amphishce^m and a new Bnake discovered by Dr. H. G. F. 
Spurrell in Southern Colombia. 

Mr. C. Tate Began, M.A., F.Z.S., read a paper on the morph¬ 
ology of the Cyprinodont Fishes of the subfamily Phallostethinee. 
He described the stinctuve of these exti^Hordinary little fishes 
from Johore, and particularly the differences in the priapium of 
the two genera he recognised. 


The next Meeting of the Society for Scientific Husinesb will be 
held on Tuesday, February 8tli. 1910, at Half-past Five o’clock 
r.M. The Agenda will be announced early in January. 

The following paper has been received ;— 

Prof. K B. Poulton; M.A., F.R.S., F.Z.S. 

On a Collection of Motlis made in Sonialilarid by Mr. W. 
Feather. With Descriptions of now S|K*cies by Sir G. F. 
Htinipson and otluu's. 


Communications intended for the Scietitific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Stcret0fry. 

Zoological Society of London, 

Regent’s Pabk, London, N.W* 

November 1916. 
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